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FOREWORD 
This report  was prepared by Hughes Aircraft  Company, Space 
Systems Division, El  Segundo, California, on Contract NAS9- 10337, dated 
8 November 1969, with the NASA Manned Spacecraft Center, Houston, Texas. 
The work was performed under the direction of E. I. Hawthorne. 
This report  contains a plan f o r  tes t  and evaluation of the pa r t s  ,of 
Surveyor I11 spacecraft, which a r e  slated to be retr ieved by ApolPo 12  
astronauts f rom the lunar surface and returned to ear th  for  the purpose of 
obtaining scientific and engineering data. Volume I, Technical Plan, des-  
c ribe s the requirement s, handling procedures,  t e  st ope rations , facilities, 
a.nd plans for  the analysis and evaluation of tes t  results.  Volume 11, Cost 
Proposal, presents  a detailed est imate  of the costs  and schedule entailed in 
carrying out the tes t  and evaluation program. 
stipulated in the contract, that the retrieved Surveyor pa r t s  will be delivered 
to  Hughes Aircraft Company following the quarantine period and upon com- 
pletion of the initial, planned survey and test  activities in Houston. 
The report  presumes,  a s  
The report  i s  structured to  present a separate  technical plan, and 
corresponding schedules and cost es t imates  for each of the six i tems to  be 
retrieved: the TV camera,  a section of support tube with white inorganic 
paint, a section of the TV camera  cable, a section of a polished aluminum 
support tube, a piece of a thermal  switch mirror surface from one of the 
compartments,  and a piece of Kapton enclosing the compartment. 
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1. INTRODUCTION AND SUMMARY 
1.1 INTRODUCTION 
The Apollo 12 spacecraft  i s  programmed to land on the lunar  sur face  
in the immediate vicinity of the Surveyor I11 spacecraft .  
is a unique opportunity to  recover and evaluate a var ie ty  of mater ia l s  and 
electronic and mechanical components and subsystems which have been 
exposed to the lunar  environment for  the past  2 - 1 / 2  years .  Significant 
engineering data of value in designing space sys tems can be obtained, as 
well as  fundamental scientific knowledge in the fields of physics and biology. 
Therefore ,  there  
Included in the mission of Apollo 12  i s  a plan for  the astronauts  to  
re t r ieve cer ta in  pa r t s  of the Surveyor I11 spacecraft .  
selected f r o m  a l a r g e r  l i s t  of candidates on the bas i s  of the following 
factors:  
These pa r t s  were  
0 Scientific and technical value 
0 Compatibility with lunar  operational constraints (ease of 
removal and ability to handle and protect)  
0 Compatibility with mission constraints (size,  weight, and 
availability of removal tools ) 
Accordingly, the following i tems  have been selected for  retrieval:  
1 )  The television (TV) camera ,  returned in an ambient environment 
2)  A 5 .inch section of the TV support tube, coated with white 
aluminum paint, returned in a high vacuum sealed container 
3)  A piece of TV cable approximately 8 inches long, returned 
in a high vacuum sealed container 
4) A piece of unpainted aluminum support  tube approximately 
6 inches long, returned in an  ambient environment 
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5 )  A piece of 
4 inches, returned in a n  ambient environment 
the thermal  switch m i r r o r  approximately 4 by 
6)  A piece of kapton insulation, returned in an  ambient 
environment 
To ensure that optimum technical and scientific data would be 
obtained, it is  important to  prepare  in  advance a detailed plan fo r  pro-  
t e c tion, handling, r e  c e iving , in sp  e c ti on, dismantling , s e que ntial te sting , 
analysis,  and evaluation of these pa r t s  and materials. 
stitutes the f i r s t  draf t  of such a detailed plan. 
This  repor t  con- 
Volume I, Technical Plan,  descr ibes  the elements of this plan - 
requirements,  handling procedures,  t es t  operations, facilities, and plans 
for  analysis and evaluation of tes t  resul ts .  
Volume 11, Cost Proposal ,  p resents  a detailed estimate of the cost  
entailed in carrying out this tes t  and evaluation program. 
1.2 SCIENTIFIC AND ENGINEERING DATA DESIRED 
I 
A prerequis i te  for  development of a n  optimum tes t  and evaluation 
plan is  a n  understanding of the lunar environment to which the Surveyor 
components have been exposed and an  appreciation of the potentially avail-  
able scientific.and engineering data. 
The principal features  of the lunar  environment a r e  described in 
Appendix A. The solar  radiation environment pr imar i ly  covers  ultraviolet 
radiation, solar  f la res ,  and solar wind protons. The thermal  environment 
covers the effect of some 30 lunar day/night cycles  f rom a minimum 
temperature  environment of about -270° to -3000F t o  a maximum of about 
1500F for  the TV camera  and perhaps as  high as 300°F for  cer ta in  other 
surfaces,  such as  the glass  m i r r o r s .  Micrometeorite impact, exposure to 
lunar dust, and the effect of hard vacuum a r e  other important features  of 
the lunar  environment. Low gravity effects a r e  negligible for the studies 
under consideration. 
process  of evaluating test results,  not only should the effect of the above 
individual environments be considered, but it is  essential  to a l so  recognize 
the combined effects of these environments. 
In structuring the diagnostic tes t  plan, and in the 
- 
The Surveyor p a r t s  to be retr ieved contain a la rge  number of mate-  
r ia ls  and components which have been subjected to this environment and 
for  which significant engineering and scientific data can be obtained. The 
postflight t e s t  and evaluation program must  take into account all potential 
effects of each environment, and of combinations of environments, on all 
of these mater ia l s  and components. 
plan, it is appropriate to categorize and summarize some of the principal 
effects expected. 
jected effects. 
As an introduction to the detailed tes t  
The t e s t  p rogram is s t ructured to highlight these pro-  
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1. 2. 1 Radiation Effects 
Prolonged exposure to ultraviolet and particulate radiation i s  
expected to have affected surfaces and materials.  
of the retrieved Surveyor par ts  could provide significant data in this 
r e  spec t: 
The following elements 
1) Thermal  paints (black, white; organic, inorganic) 
2) Metallic surfaces 
3) Optical surfaces ( m i r r o r s  and lenses) 
4) Lubricants 
5) Electr ic  insula tion 
6) Selected mater ia ls  (teflon, kapton, mylar ,  etc. ) 
1. 2. 2 Effects of Thermal  Cycling 
Exposure to severe thermal cycling may have caused significant 
changes in the properties of a variety of e lectr ical  and mechanical com- 
ponents and mater ia ls .  
may give fundamental knowledge of scientific value a s  well a s  of direct  
use for  design. purposes. 
should be examined for  these effects includes: 
Careful examination and analysis of these effects 
A partial  l i s t  of elements of retrieved i tems which 
Drives and mechanisms (motors ,  gears )  
Thermal  control surfaces  and mater ia ls  
Optical elements ( m i r r o r s ,  lenses) 
TV vidicon tube and i ts  associated par t s  
Electronic circuits and elements (components, connectors, and 
solder joints) 
Materials (potting, conformal coatings, foam, etc. ) 
1. 2. 3 Effects of Vacuum Environment 
Prolonged exposure to vacuum may have produced significant effects 
which m e r i t  careful observation and assessment .  It i s  recognized that some 
of the par ts  wi l l  necessar i ly  be returned to ear th  in a n  ambient environment; 
some of the vital data wi l l  therefore be inevitably lost. 
expected that severa l  significant effects of the vacuum environment wi l l  
have been permanently retained for useful postflight diagnosis. 
important of these effects a r e  occurrence of cold molecular welding and 
deposition of products of various volatilization (outgassing) processes.  
Fortunately, i t  i s  
Most 
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Candidate parts potentially useful in providing such information include TV 
camera  dr ives;  various screws,  nuts, bolts, and meta l  fas teners;  con- 
nectors;  and a variety of surfaces ,  including optical surfaces ( m i r r o r s  and 
lens e s)  . 
1. 2.4 Effects of Micrometeorite Impact and Lunar Dust 
Information on the degree and effects of micrometeori te  and lunar 
dust exposure of various surfaces and components wi l l  be of significant 
scientific value. 
elements of the retrieved parts could provide valuable data in this respect: 
I t  i s  expected that a postflight examination of the following 
1. , 5 Bio 
Optical surfaces ( m i r r o r s  and lenses) 
Thermal  paint surfaces 
Polished aluminum tube 
Thermal  switch m i r r o r  
2gical Data 
One of the mos t  interesting and potentially useful i t ems  of 
recoverable data concerns survivability of micro-organisms that had origi-  
nally been ca r r i ed  to the lunar surface,  provided that such information can 
be reliably obtained. 
of exposed surfaces (polished aluminum tube and thermal  switch m i r r o r )  
for which some data on microbe content pr ior  to Surveyor launch i s  available 
and 2) examination of microbe content and state in components buried deep in 
the TV camera  (e. g. , electronic components and epoxy foam). 
Two types of tes ts  can be identified: 1) examination 
This test  plan does not include any discussion of microbiology 
experiments. 
obtained by NASA prior  to delivery of the par ts  to Hughes and that biological 
tests w i l l  be conducted under NASA's direct  cognizance. 
It is assumed that required microbiology samples w i l l  be 
1 .3  INITIAL OPERATIONS AT NASA 
The test  program of re t r ieved Surveyor par ts  commences with the 
landing of the Apollo spacecraft  on earth. 
of the ret r ieved par t s  by Hughes, precautions must be taken to ensure 
that vital data a r e  preserved,  and cer ta in  operations must be performed 
to maximize the amount of information to be obtained. The necessity 
for  proper ca re  in  handling of all retrieved par ts  cannot be overemphasized. 
F r o m  this t ime until receipt  
-? 
E 
li The two i tems to be retrieved in a vacuum sealed container (the 5 inch painted tube and the 8 inch cable section) a r e  assumed to be retained 
in their original container throughout the quarantine period and delivered 
in this vacuum sealed condition to Hughes. One possible exception to this 
plan, now under consideration, and subject to final joint resolution by Hughes 
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and NASA cognizant engineers, i s  that a smal l  test  sample section of the 
painted tube (approximately 1 inch long by 1 / 2  inch wide), covered with the 
white inorganic paint, may be cut off under vacuum conditions in o rde r  to 
measu re  the solar  absorptance of the white paint af ter  exposure to the lunar 
environment. This optical measurement  would be made in vacuum, and both 
the sample and the remaining section of the painted tube would subsequently 
be delivered to Hughes in  a vacuum sealed condition. 
A s  stated in the NASA Work Statement, the TV camera ,  the 6 inch 
aluminum unpainted tube, the thermal switch m i r r o r  section, and the piece 
of kapton insulation will be returned to ear th  in an  "ambient" environment. 
It is  assumed that this imples that these i tems  w i l l  be well protected f r o m  
any contact, that is ,  that they will be covered by plastic bags o r  similar 
covers  in  a way that prevents any direct  contamination o r  disturbance of 
vital surfaces and materials.  This condition must  prevail throughout a l l  
the handling, ~ transportation, quarantine, and examination and testing phases 
a t  NASA u p  to the point of receipt  by Hughes, except for  the specific 
operations, suggested o r  assumed below, pending further discussion 
between NASA and Hughes cognizant personnel. 
1. 3 .  1 Photographic Coverage and Visual Inspection 
In o rde r  to obtain immediate data on the conditions of the various 
surfaces ,  p r ior  to possible subsequent changes resulting from handling and 
effects of environments, i t  is desirable to perform a rather complete 
photographic coverage and visual inspection of all the important surfaces. 
The mos t  important of these surfaces a r e  the aluminum tube, thermal switch 
m i r r o r ,  piece of kapton, and external TV camera  surfaces,  including the 
m i r r o r .  
i s  recommended. 
room environment, with careful documentation of par ts  photographed, 
angles, lighting conditions, and camera character is t ics  and settings. 
Hughes' participation in this operation i s  strongly recommended. 
Examination of these surfaces by a scanning electron microscope 
This operation should be carefully performed in a clean 
1. 3 .  2 Microbiology Samples and Tests  
Pending definition of the microbiology experiments required by NASA 
Selec- 
microbiologists, i t  i s  expected that i t  wi l l  be desirable to remove some 
samples f rom the various surfaces for  microbiological examinations. 
tion of these samples should be made in  consultation with Hughes technical 
personnel and is presumed to include the thermal  switch m i r r o r  surface,  
aluminum tube, and selected surfaces  of the TV camera ,  such a s  the outside 
paint. A l l  such sample removal operations should be conducted under ca re -  
fully controlled conditions, as ear ly  in the initial postquarantine period a s  
possible (o r  during quarantine, if possible) in a clean room environment. 
It a lso appears to be highly desirable to obtain samples for microbe content 
studies f rom parts  buried deep in the TV camera.  
cannot be done until much la te r ,  af ter  the TV camera  has  been partly 
This,  unfortunately, 
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disassembled at  Hughes. NASA r, icrobiologists will have to a s s e s s  the 
value of obtaining these samples at so  late a time. 
to do so ,  proper instructions should be transmitted to Hughes regarding 
requirements and techniques for providing such samples for  microbiology 
e xp e r imen t s . 
If it i s  still desirable 
1. 3 . 3  Transportation 
Special ca re  should be exercised in transporting a l l  the re t r ieved 
Not only must  the protective bags be used, but special  par ts  to Hughes. 
containers and/or  personal handling mus t  be planned and provided to a s s u r e  
that no disturbances to vital elements and surfaces occur in transit.  m 
It is assumed that the par ts  of the TV support s t ruts  and a l l  attach- 
ments (TV cable connecting upper and lower portions of the camera ,  cable 
clamp, and support collar)  w i l l  remain  intact and w i l l  be dismantled at Hughes. 
The rationale for this recommendation is  the des i re  to re ta in  data on possible 
cold- welding occurrence and the general  concern over any unnecessary 
mechanical and handling operations pr ior  to delivery to Hughes laboratories.  
The camera  unit w i l l  therefore include five protruding rough-edge ends of 
s t ruts  resulting f r o m  the cutting operating on the moon. 
portation of the camera ,  including design of the protective bag and/or  
wrapping of these rough edges, must  take this condition into account. 
applies to the transportation of the TV camera  f rom the moon to ear th  a s  
well. 
the TV structure  a s  possible, so that the protruding s t ru t  lengths a r e  
minimal. 
cut a t  NASA prior  to shipment to Hughes to accommodate the proposed ship- 
ping container. 
RE Handling and t rans-  
This 
Hopefully, the s t ruts  wi l l  have been cut by the astronauts a s  close to 
If they prove otherwise, additional s t ru t  section may have to be 
1 .4  TEST PLAN STRUCTURE AND SUMMARY 
1.4. 1 Test  Plan Structure 
T e s t  and evaluation plans a r e  developed and presented in Sections 2 
through 7, respectively, for each of the six separate  i tems to be retrieved. 
Each section opens with a description of the i tem, i ts  performance charac-  
ter is  t ics ,  and major  anticipated environmental effects. The planned tes t  
program i s  then outlined in some detail,  including handling requirements 
and provisions, facility requirements and plans; and the objectives, s t ruc-  
ture,  procedure,  and sequenced tests a r e  discussed, a s  well a s  steps to be 
taken in  the event of an  observed anomaly. Ful l  reference is  made to the 
use of existing Hughes procedures,  and maximum advantage i s  taken of 
Hughes' familiarity with the design and with the tes t  history of the individual 
subsystems and mater ia ls .  In the case  of the T V  camera ,  special  attention 
i s  given to dismantling operations, following init ial  survey and system tests. 
Finally, for  each i tem, an analysis and evaluation plan i s  outlined, subject 
to the outcome of individual tests.  
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1.4.2 Highlights of TV Camera  Tes t  and Evaluation Plan 
The test  plan for the TV camera  i s  presented in the fo rm of a flow 
diagram in Figure 1-1. 
phases: preliminary survey and a m o r e  detailed survey following removal 
of the lower shroud. 
bottom connectors disconnected under controlled conditions a s  p a r t  of this 
operation. Representative surface deposit samples,  i f  any, a r e  taken for 
fur ther  analysis. 
tests.  
Initial survey operations a r e  performed in two 
Remnants of support s t ru ts  a r e  removed and three 
The camera  i s  placed on the support tripod for  system 
System tes t  operations begin with prel iminary checks to de te r -  
mine the state of the vidicon and of the vital subassemblies. 
the outcome of these checks, a complete o r  par t ia l  check of the functions and 
parameters  of the TV camera  is performed in accordance with existing test  
procedures.  Following completion of this phase of the program, a prelimi- 
nary a s ses smen t  i s  conducted before proceeding wi th  the dismantling opera- 
tions. 
subsequent order ly  dismantling and testing of the major  subassemblies of 
these two portions of the TV camera ,  culminating in  removal of the 
individual TV components and ma te r i a l  samples. 
Depending on 
The dismantling operations entail removal of the m i r r o r  assembly and 
The components and mater ia l s  tes t  program, described in detail in  
subsection 2. 2,  is  structured in  accordance wi th  a pr ior i  plans but is subject 
to modification depending on the outcome of the above tests. If obvious 
fai lures  preclude completion of the sys  tems test, the cr i t ical  failed compo- 
nents wi l l  be transmitted directly to the Components Laboratories for a 
detailed component fa i lure  analysis,  a s  shown in Figure 1-1. The scope of 
the component test  program wi l l  be fur ther  guided by results of tests on the 
standard TV camera  and i t s  components, and by a continuing evaluation of 
tes t  resul ts  a s  discussed below. 
A similar plan has also been devised for the mater ia ls .  Three  types 
of tests a r e  identified: preplanned tes ts  of representative samples,  specific 
investigation of component and material parameter  changes a r e  evidenced 
during system test ,  and comprehensive investigation of specific failures 
noted during the survey operations and/or  system test. 
A continuous on-going evaluation process  i s  planned. 
will analyze resul ts  of all tests a s  they become available in order  to a s s e s s  
and interpret  these resul ts  and the effects of the lunar environment, a s  
well as determine in r ea l  time changes to and deviations from the preplanned 
tes t  program. 
a r r ived  a t  in the process  of this evaluation. 
l iminary assessment  of test  results to confirm dismantling and component 
level testing plans, assessment  of component test  resul ts  to determine 
requirements for  re tes t s ,  and completion of analysis for  a l l  components and 
mater ia ls  tested to determine specific effects attributable to the lunar 
envi r onrn en t. 
This operation 
Decision points noted in Figure 1-1 represent  actions 
Major milestones include pre-  
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Essent ia l  to the above test  and evaluation operations a r e  pr ior  
parallel  tests wi th  a standard TV system. 
to the preliminary assessment  of the status of the vidicon, to the decisions 
on completion of system tests,  to the definition and evaluation of component 
and mater ia l  t es t s ,  
tests w i l l  a lso provide a test  bed for trying some of the planned tests 
techniques andprocedures  to ensure that no cr i t ical  e r r o r s  wil l  be made in 
handling and testing the precious flight hardware. 
phase of the test  program cannot be overemphasized. 
These operations, a lso shown 
in Figure 1- 1, indicate schematically how these standard tests w i l l  contribute 7 
and to the evaluation process in  general. The standard 
The importance of this 
Facil i t ies required for these tests are  a l l  present  and available in 
Hughes Laborator ies ,  except for the TV camera  tes t  equipment and the 
standard TV camera.  These a r e ,  however, readily available f r o m  the 
Surveyor program a t  the Je t  Propulsion Laboratory; a t  NASA's  direction 
these can be quickly transported to Hughes, where they can be readily con- 
figured to mee t  program requirements. The component and ma te r i a l  test  
facil i t ies,  and the facil i t ies required for  survey operations, a r e  standard 
equipment at  Hughes and a r e  discussed in respective test  program sections. 
facility with laminar flow benches se t  aside for this program. Component 
and mater ia l  tests w i l l  be conducted a t  the extensive facil i t ies of the Com- 
ponents and Materials Laboratory. 
Survey and system tests wi l l  be conducted in an available Hughes clean room m 
Close contact with the customer throughout all test  and evaluation 
operations is  p.resumed. 
regarding the state of retrieved subsys tems and components. A s  previously 
indicated, there a re  a number of decision points in the course of the test  
program. Customer concurrence wi l l  be sought whenever alternate courses  
of action a r i s e  and whenever deviations from the preplanned choice of 
samples and components to be tested a r e  indicated. 
This i s  essential  because of the uncertainties 
1.4. 3 Highlights of Tes t  and Evaluation P rogram of Five Remaining Items 
The test  and evaluation program of the five remaining i tems ,  out- 
lined in Sections 3 through 7, respectively, follows the general  philosophy 
and plan above, with the recognition that a much s impler  plan i s  required 
for each of these. The five samples - painted tube, cable, aluminum tube, 
thermal  m i r r o r ,  and kapton - require  mater ia l s  t e s t s  only. A comprehen- 
sive tes t  and evaluation approach has been s t ructured to ensure that evidence 
will not be destroyed and that maximum data wi l l  be obtained. Each plan 
consists of preliminary survey operations followed by detailed diagnostic 
testing. Tests  on standard par ts  have also been included and are  deemed 
essent ia l  for validation of test  techniques, procedures,  and practices,  and 
for obtaining vital data for  comparison purposes. 
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The white painted aluminum tube i s  being returned f rom the lunar 
The white painted tube wi l l  
The 
surface chiefly to  measu re  changes in the solar absorptance of the white 
paint caused by lunar environment radiation. 
be maintained in a vacuum to eliminate bleaching by oxygen. Samples wi l l  
be cut f rom this tube in  the vacuum work chamber at Houston LRL. 
white painted samples w i l l  be placed in  a vacuum integrating sphere where 
the solar absorptance w i l l  be measured. In addition to solar absorptance, 
micrometeoroid erosion w i l l  be measurer+. by determining the paint thickness, 
and contaminates that may be on the white paint w i l l  be collected and analyzed. 
The facilities that will be used a r e  a l l  located a t  Hughes except f o r  the 
vacuum integrating sphere a t  TRW that is required f o r  vacuum measurements  
of solar absorptance. 
in the TRW sys tem t o  ensure that the procedure of removing the sample 
f r o m  i ts  final protective vacuum enclosure i s  well established pr ior  to  
committing the lunar samples to  test. 
painted tube until the solar  absorptance tes t  sequence i s  complete. 
Dry run tes t s  wi l l  be conducted on identical samples 
N o  other tes t  wi l l  be conducted on the 
The tes ts  developed f o r  the TV camera  cable were designed to 
The aluminized teflon film wi l l  be studied fo r  
gather information on the behavior of this type of cable directly exposed to  
the space environment. 
thermal  control qualities, and the insulated conductors w i l l  be examined 
f o r  changes in insulation character is t ics .  The change in solar absorptance 
of the teflon wi l l  be determined, a s  well a s  other properties such a s  tensile 
strength. It is recognized that, initially, this cable wi l l  be studied by NASA 
to collect microbiology data. However, these t e s t s  should not invalidate the 
la ter  planned Hughes t e s t s  i f  the general  handling procedures  outlined in the 
tes t  plan a r e  followed. 
The polished aluminum tube w i l l  f i r s t  be used by NASA in  itg study of 
solar wind protons. 
where two significant mater ia ls  aspects  wi l l  be studied. 
micrometoroid erosion effects wil l  be determined through surface roughness 
measurements .  If this erosion occurs ,  specular surfaces  such as polished 
aluminum become quite diffuse, with reflectance and emittance patterns 
changing as the erosion continues, having a major  impact on thermal  behav- 
ior .  The second a r e a  to be studied is condensed contaminates outgassed by 
various mater ia l s  and components on the spacecraft .  If condensates a r e  
found, they a r e  easy to remove from the aluminum surface for  analysis.  
Following this study, the tube wil l  be delivered to Hughes, 
F i r s t ,  a .measu re  of 
The thermal  switch m i r r o r  i s  directly exposed to the lunar environ- 
ment particularly the solar  ultraviolet and solar wind protons, and coloration 
of the vycor glass  may have occurred. 
reflectance and transmission tes t s  on the mir ror .  
micrometeoroids on the m i r r o r  wi l l  be examined through measurement  of 
the diffuse versus  normal  t ransmission of the glass. Erosion wi l l  "frost" 
the glass ,  which wi l l  scat ter  light, reducing no rma l  t ransmission but not 
diffuse transmission. 
The tes t  plan calls f o r  both optical 
Erosion effects by 
PRECEDING PAGE BLANK NOT F1LMEL. 
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The kapton wi l l  be studied in  a manner similar to the above 
materials.  
changes in optical transmission. 
tensile strength, flexure, t ear ,  and elongation w i l l  be conducted. Hughes 
feels  that kapton is a particularly cr i t ical  mater ia l  since many cu r ren t  
spacecraft  a r e  using it, and the information gained h e r e  wi l l  help in 
selection of future materials for space vehicles. 
Changes in solar absorptance w i l l  be measured, as well as 
If the sample is  large enough, a test  of 
1 .5  MANAGEMENT PLAN 
The planned test  and evaluation program a t  Hughes wi l l  receive top 
management attention and w i l l  be conducted in  accordance with the manage- 
ment s t ructure  briefly stated below. 
E. I. Hawthorne of the Space Systems Division wi l l  manage the pro- 
gram,  reporting to the Space Systems Division Manager, R.  K. Roney. 
Dr.  Hawthorne was former ly  Senior Spacecraft Manager on the Surveyor 
P rogram and was Spacecraft  Manager of Surveyors 2 and V. 
Responsiblity for ,  and direction of, the principal tasks is shown in 
the organization chart ,  Figure 1-2.  
The test  program of the TV camera  will be under the direction of 
L. R. Shrum of the Research and Development Division, who was responsible 
fo r  the design and testing of the TV camera  electronic subsystems, with 
assis tance from K. G. Bingemann, who was responsible for the design and 
testing of the TV camera  electro-optical and mechanical subsystems. The 
Hughes Components and Materials Laboratory wi l l  conduct the component 
and material tes ts  under Mr. Shrum's  direction; R. S. Buritz and R. J. 
Andres wi l l  be responsible for the two respective a reas .  
The tes t  program for  the remaining five i tems (painted tube, cable, 
polished aluminum tube, thermal m i r r o r ,  and kapton) consists pr imari ly  
of mater ia l s  testing operations. Fo r  this reason, responsibility for  this 
test  program i s  vested in a special task group of the Components and 
Materials Laboratory, headed by P.. M. Blair ,  Jr. , and reporting to 
Dr.  Hawthorne. 
Evaluation of the test  resul ts  constitutes a mos t  important and con- 
Dr.  Hawthorne wi l l  be personally responsible for  this effort. tinuous task. 
A. M. Lauletta, former ly  Pro jec t  Manager for the TV subsystems on 
Surveyor, wi l l  head the evaluation task fo r  the TV camera ;  Mr. Blair  will 
be responsible for evaluation of the resul ts  of tests onall.of the mater ia ls .  
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2. TELEVISION CAMERA TEST AND EVALUATION PLAN 
2.1 PERFORMANCE DATA AND TEST PLAN REQUIREMENTS 
2.1. 1 Summary of Television Camera  Character is  tics 
The survey television camera  installed aboard Surveyor I11 w a s  par t  
of i t s  scientific payload. 
scenes,  as well a s  closeups of cer ta in  portions of the spacecraft, by photo- 
graphing an image onto i ts  vidicon and then electronically reading out the 
image in a manner s imi la r  to that in a television camera.  
were then transmitted to ear th  for  processing. 
mar i ly  a self-contained unit, requiring only external power, telemetry 
and command functions, and a video transmission link. 
I t  was developed to take near  and distant lunar 
The video signals 
The survey camera  is p r i -  
The survey television camera  (Figure 2- 1) consists of two main 
assemblies.  
vidicon, electronics,  shutter,  and zoom lens assembly. The top element 
, i s  a rotatable m i r r o r  assembly, which contains the azimuth and elevation 
m i r r o r  drive mechanisms and the f i l ter  wheel assembly. The complete 
unit weighs 17. 5 ear th  pounds. 
indicating major  subassemblies. The access  covers  should be removed 
pr ior  to any electr ical  tes t  in order  to determine power supply condition 
without damaging the unit a s  a resul t  of unknown failures within the camera. 
Figure 2-3 shows the lower electronic portion with the m i r r o r  unit removed 
for sys tem tes t  and evaluation. 
The main body of the camera  contains the power supply, 
Figure 2-2 i s  a cutaway view of the camera,  
The hood assembly can be rotated almost  360 degrees in  azimuth 
and provides for a n  elevation range of f rom -45 to 
the elevation angle of a beryllium mi r ro r .  The beryllium m i r r o r  is  driven 
in  elevation by a stepper motor and has  a potentiometer readout device for 
positional data. The entire hood assembly i s  driven in azimuth by a second 
stepper motor  and has  a potentiometer readout fo r  azimuthal position. 
The f i l ter  wheel assembly, composed of blue, green, and red optical f i l ters  
to provide color photographs, i s  a lso installed in the hood. A third stepper 
motor  and potentiometer a r e  used in this assembly. 
location of these assemblies.  
20 degrees by varying 
Figure 2-2 shows the 
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F igure  2 - 1 .  Survey Television Camera  
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Figure 2 - 2 .  Cutaway View of Survey Television Camera  
2 - 3  
Figure 2 - 3 .  Lower Electronic Portion of Survey Television 
Camera  With Mi r ro r  Unit Removed 
(Photo R96128)  
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The hood assembly was designed for passive thermal  control to 
protect the f i l ters ,  stepper motors,  and potentiometers. The external su r -  
faces a r e  coated with a white inorganic paint having high reflectance. 
internal surfaces of the hood a r e  coated black to prevent reflectance of s t ray  
light back into the vidicon. 
i s  a Kannigen processed beryllium blank, optically ground and coated. 
The 
The hood mater ia l  i s  aluminum, and the m i r r o r  
The camera  body i s  composed of severa l  major  assemblies ,  lenses ,  
the vidicon tube, and electronics. The variable focal length lens assembly 
(Figure 2-4) located just  below the f i l ter  wheel assembly, has a focal 
length of 25 to 100 mil l imeters ,  providing a narrow angle (6.4 degrees) o r  
a wide angle (25.4 degrees)  field of view and a lens aper ture  range'of f / 4  to 
f /22,  adjustable automatically or  by command. The lens assembly can  a l so  
be focused from 4 feet  to infinity. 
by command and have potentiometer readouts for  te lemetry to provide data 
to ear th  controllers.  
A l l  three lens functions a r e  motor-driven 
Jus t  below the lens assembly i s  the focal plane shutter. 
provides for  a 150 millisecond exposure time of the vidicon faceplate. 
Variable duration time exposures can  be obtained by command. 
spli t ter  i s  above the shutter. The beam split ter  feeds a percentage of the 
incoming light energy to a photo cel l  which controls the lens iris for auto- 
mat ic  exposure control. 
The shutter 
A beam 
The vidicon tube (Figure 2-5) is beneath the focal plane shutter and i s  
mounted vertically in the camera.  
vided by a radiator extending out of the camera  body and thermally connected 
to the vidicon by means of a boron nitride collar. 
'Thermal control for  the vidicon is pro- 
Below the vidicon i s  the electronic conversion unit, a s  shown in 
Figure 2-6. 
camera  operating voltages. 
prevent interference with vidicon operation. 
sweep, control, amplification, etc. a r e  located around the lens assembly 
and vidicon, a s  shown in Figure 2-7. The external surface of the camera  
body i s  coated with an inorganic white paint to maintain thermal  control. 
This unit converts the 28 volts dc spacecraft  bus voltage to 
The electronic circuits f o r  
This unit i s  enclosed in an  RFI housing to 
The performance character is t ics  of the survey camera  a r e  as  follows: 
Raster  600 o r  200 lines 
Signal- to-noise ratio 31 dB minimum 
Field 6.4 by 6.4 degrees (100  n. mi. ) 
25.2 by 25.2 degrees (25 n. mi.) 
Focal length 25 o r  100 n. mi. 
Shutter time 150 milliseconds 
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Figure 2-4 .  Variable Focal Length Lens Assembly 
(Photo R97597)  
Lens aperture  F / 4  to f/22 in 1 /2  stops 
Focal range 4 feet  to infinity 
F rame  rate  1 f r ame  per  3.6 seconds 
Azimuth coverage 360 degrees 
Elevation coverage -45 to 20 degrees 
Luminance range 100 footlamberts (f;/4) 
2. 1. 2 Performance Historv During Lunar ODerations 
2. 1. 2. 1' Impact of Lunar Operations on Postflight Tes t  Planning 
The performance character is  tics of the TV camera  during prelaunch, 
launch, flight, landing, and lunar mission operations a r e  of vital  importance 
in planning diagnostic camera  tests and in assess ing  and evaluating test  
results. 
assessment  can be made a s  to whether test  resul ts  and anomalies observed 
a r e  attributable to the effects of lunar exposure o r  could have existed before 
the final shutdown of the spacecraft. 
F rom the analysis of TV camera  mission performance data, an  
A variety of records a r e  available to Hughes to a s s i s t  in this analysis, 
including tes t  results pr ior  to launch, during prelaunch operations, during 
launch and flight, and during the lunar mission. 
camera  during lunar mission operations i s  a lso summarized in Hughes and 
J P L  reports.  '' 
Performance of the TV 
The remainder of this subsection summarizes  the Performance of the 
TV camera  during mission operations and highlights some of the anomalies 
observed. 
2. 1. 2 .2  Thermal  Environment Data 
Jus t  prior to landing on the lunar surface,  camera  electronic heaters  
This procedure ra i sed  
were turned on to bring the camera  up to operating temperature s o  a s  to be 
ready to take pictures immediately af ter  touchdown. 
the temperature f rom about -140°F (camera  temperature in transit)  to 
operating values (-20 "F minimum). 
The expected lunar surface temperature a t  touchdown was about O"F, 
rising sharply a s  the sun rose in this area.  Peak  lunar surface temperature 
rose  to over  2 0 0 ° F  within 6 ear th  days a f te r  touchdown, when camera  opera- 
tions were discontinued. 
a t  touchdown and 150°F peak during the lunar day. 
The corresponding camera  temperatures were 0 O 
.I, -4- 
Surveyor Final Engineering Report, Hughes Aircraf t  Company, June 1968. 
Surveyor I11 Mission Report, J P L  Technical Report  32-1177, 1967. 
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F i g u r e  2 - 5 .  Vidicon Tube 
(Photo R 98432) 
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Figure 2 - 6 .  Electronic Conversion Unit 
(Photo R98455) 
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Figure 2 -7 .  Electronic Circui ts  for  Sweep, Control,  and Amplification 
(Photo R98425) 
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Within this period, on April 24, 4 ear th  days af ter  touchdown, a total 
eclipse of the sun by the ear th  occurred,  dropping lunar surface temperatures  
f rom over 200"  to less  than - loo" ,  and then rising back again to over 2 0 0 ° F  
in  a period of about 6 hours. The corresponding camera  temperatures were 
approximately 150 ", 0 ", and 150 O F .  This provided an excellent opportunity 
to evaluate thermal aspects of the spacecraft  and i t s  television camera.  
2. 1. 2. 3 Mission Performance 
All survey camera  functions were exercised, and over 6300 television 
pictures were obtained, meeting all objectives for  scientific analysis. How- 
ever ,  some abnormal operation was encountered? a s  discussed in the follow- 
ing paragraphs. 
Veiling Glare. The failure of the vernier  engines to shut down and 
the ensuing hopping maneuver of the spacecraft  on the lunar surface appear 
to have caused contamination o r  pitting of the camera  m i r r o r  and optics. 
Studies were performed to substantiate this conclusion. 
about one-half to two-thirds of the surface of the m i r r o r  had been affected. 
This caused severe veiling glare in some pictures a t  camera  angles which 
had direct  o r  reflected sunlight shining upon the upper portion of the m i r r o r  
surface. 
.t 
It was estima.ted that 
The contaminants a r e  believed to have been engine exhaust particles,  
lunar dust, o r  a combination of the two. 
sufficient energy to a lso cause pitting of the m i r r o r  surface. 
The particles could have had 
Elevation and Azimuth Drive Anomalies. The television camera  
experienced some difficulties in stepping the m i r r o r  both in elevation and 
in  azimuth. 
of 10 ,045  commands. The fact  that these occurrences were mos t  severe  
when the camera  was cold indicates that the azimuth stepping failures were 
probably due to the following factors: motor wear, binding of the azimuth 
bearing a t  one particular location (about t10 degrees) a s  a resul t  of thermal  
s t resses? and increased friction of the ring gear  because of lunar dust. The 
elevation stepping failures indicated a motor /gear  wearout trend. 
camera  had accumulated over 34,000 steps each in azimuth and elevation 
during prelaunch testing. 
The mi rkor  azimuth drive failed to step 432 times out of a total 
The 
Evaluation of the r e  turned T V  camera  would provide invaluable 
ass is tance in understanding the postulated w e a r  phenomenon and in assessing 
the earth-based techniques fo r  prediction of TV performance and for  evalua- 
tion of i t s  lunar operations. 
F i l t e r  Wheel Anomally. Near the .end of the lunar. day a failure 
occurred a t  the readout potentiometer of the f i l ter  wheel (containing the red,  
.I, 
" F o r  reliability reasons,  the m i r r o r  was lef t  open a t  launch. On subsequent 
spacecraft ,  the m i r r o r  was closed. 
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green, blue, and c lear  f i l ters) .  
verified through television pictures; however, telemetry of this function was 
was a loose se t  sc rew in the f i l ter  wheel potentiometer gear ,  therebyallowing 
the drive shaft to slip. 
P rope r  operation of the f i l ter  wheel was 
not operative. Analysis of these da ta  suggested that the mos t  likely failure 7 
General Assessment.  All other camera  functions performed sat is-  
factorily. Data recorded during the mission, namely, video, sync levels 
analog video, etc. , are  available for comparison should camera  operation 
be achieved. 
Fur ther  information of value for evaluation of the camera  is  the 
final condition of the camera  when turned off, related to the commandable 
functions. The data a r e  available and would consist  of the following positions: 
1) Azimuth 
2) Elevation 
3) Fil ter  wheel (from photographic data) 
4) I r i s  
5) Focus 
6) Focal length 
In addition, the camera  logic circuits were designed so that when turned off 
the camera  would be in Normal Mode. When the camera  is turned back on 
again, the i r i s  control will be in Manual Mode. 
2. 1. 3 AnticiDated Effects of the Lunar Environment 
I 
The Surveyor III television camera  has  been exposed to the lunar 
environment for approximately 2 -1 /2  years.  
continually exposed to a vacuum in excess of 1 x 
subjected to over 30 day-night cycles having temperature extremes of 150 O 
to -300°F. 
It has a l so  been subjected to bombardment f rom micrometeorites and to 
lunar dust. 
During this period, i t  has  been 
T o r r  and has been 
Because of its location on the spacecraft ,  i t  has been continually 
subjected to radiation emanating from the sun and other deep space sources.  I 
P r i o r  to i ts  lunar environment, the Surveyor I11 camera  was subjected 
to temperatures  of -180" to 150°F and to vacuum environments of 1 x 10- 5 
to 1 x T o r r  for  relatively short  periods of time. I t  also experienced 
vibration tes t  environments of 4 to 9 g a t  125 to 2000 cycles per second, as 
well as the vibration environments during the launch, midcourse,  and lunar 
landing phases of the Surveyor spacecraft .  
vidicon employed in  the Surveyor 111 camera  was exposed to cryogenic s u r -  
vival t e s t s  a t  -310°F pr ior  to launch. 
It should a l so  be noted that the 
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The plan for  the postflight examination and tes t  of the TV camera  will 
thoroughly explore all effects of the lunar environment on mater ia l s ,  com- 
ponents, and subsystems. 
below a s  a guideline for  structuring this test  plan. 
The principal effects expected are  briefly stated 
2. 1. 3 .  1 
Vacuum will be the significant environment. 
Cold Molecular Welding 
Increased adherence 
of par t s  may be due pr imari ly  to cold molecular welding o r  possibly to 
evaporation and outgassing of nearby s t ructures .  The change in torque 
required to turn screws wi l l  determine the extent of cold welding o r  
increased adherence. In addition, the force required to separate  metal-  
to-metal contacts, such a s  metal  sleeves,  shrouds, thermostat  contacts, 
gears ,  and potentiometers, will determine the extent to which contacting 
surfaces have bonded together. 
2. 1. 3'. 2 Degradation of Thermal  Surfaces 
The environmental effects of importance to the changes of thermal 
surfaces include the following: 
1) Dust 
2) Mic'rome teoroids 
3)  Solar ultraviolet radiation 
4) Vacuum 
5) Temperature  and thermal cycling 
6) Solar f la res  
7) Solar wind protons 
Each  of these may influence the properties of the thermal  control surfaces - 
either by changing the optical properties o r  by affecting the coatings. 
2. 1. 3 . 3  Degradation of Optical Surfaces 
Exposed optical surfaces a r e  subject to change by dust, micro-  
meteoroids,  ultraviolet radiation, so la r  wind protons, and solar  f lares .  
These surfaces can be eroded or  pitted to change transmission and reflec- 
tion, o r  the spectrum of transmitted energy may  be affected by changes in 
the absorptance of the bulk material .  
may also be influenced by the same par ts  of the environment. Penetrating 
radiation, such a s  ultraviolet and the higher energies in the solar  f lare  
radiation, may affect the bulk optical bodies. 
F i l te rs  an.d antireflectant coatings 
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Additionally, meta l  coatings and protective films may break away 
f rom the optical bodies because of thermal  cycling and thus change optical 
parameters .  
p r imary  concern. 
Temperature  cycling and penetrating radiation wi l l  be of 
2. 1. 3.4 Degradation of Lubricants 
Long-term effects of vacuum and temperature  cycling will be the 
mos t  significant par t s  of the environment for  lubricants. 
vola tile components by vacuum may  change lubricating properties.  
Loss of slightly 
2. 1. 3.5 Effects on Mechanical and Electromechanical Components 
Since these elements a r e  shielded from radiation, the p r imary  
elements of the environment that would affect their  performance a r e  vacuum 
and thermal  cycling. 
and related, where possible, to the environmental s t resses .  
Changes in mechanical performance must  be noted 
2. 1. 3 .  6 Effects on Electr ical  Components 
Temperature  cycling may  have a significant effect on electr ical  
components, ei ther by the change in parameters  during operation o r  by 
affecting active regions and connectors during inoperative periods. 
t e rm exposure to hard  vacuum may cause a gradual change in the s t ructure  
of the active regions. 
effects. 
Long- 
Radiation is not expected to produce any significant 
2. 1. 3. 7 Effects on Materials 
A l l  elements of the lunar environment a r e  of significance for the 
mater ia ls  on the surface of the TV camera ;  thermal  cycling, vacuum, and, 
possibly, dust a r e  important to those located internally. Radiation, includ- 
ing ultraviolet, protons, and solar  f la res ,  dust, and micrometeroids  should 
be considered pr imari ly  for  the effect on the optical properties of surface 
mater ia ls .  
thermal cycling. 
includes the following: 
Internal mater ia l s  should be affected mainly by vacuum and 
A l i s t  of the important mater ia l s  to be investigated 
Teflon White paint (ino rganic ) 
Copper Si0 overcoated m i r r o r  
Fiberglass  Heat shrinkable sleeving 
EPOXY Foamed ins ulation 
ci 
Boron nitride Aluminum 
Indium Glass 
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Mylar 
Lacing cord 
Cement 
Silver 
Fe r rous  mater ia ls  
Solder 
Black paint (organic) 
2. 1. 3.8 Wiring, Including Insulation, Soldering, and Encapsulation 
In addition to the many a reas  l isted above, consideration mus t  be 
given to the effects of the lunar environment on solder joints and on insulating 
mater ia l s ,  such as wire insulation. The effects of temperature extremes on 
the lacing cord used on cable bundles, the subsequent possible cold-flowing 
of teflon insulation, and the potential physical damage to encapsulated o r  
epoxy-coated components must  also be considered. Vacuum and thermal  
cycling a r e  the principal elements to be examined since most  of these 
s t ructures  a r e  internal. 
2. 1.4 Tes t  and Evaluation Requirements 
T e s t  and evaluation plans for the Surveyor I11 television camera  
will specify in step-by-step detail all requirements for handling, tes t  
facil i t ies,  test  sequences, test  procedures,  and analysis and evaluation of 
tes t  results.  
and original test  data of the television camera  and on the past  history of 
i t s  functioning; including performance on the lunar surface (i. e. , observed 
mission anomalies and the state of the camera  a t  shutdown). This informa- 
tion i s  available a t  Hughes, a s  discussed in  subsections 2. l. l and 2. l. 2. 
The tes t  plan will be based on a n  intelligent, high-priority assessment  of 
potential environmental effects to look fo r ,  a s  summarized in subsection 
2. 1. 3. In the light of this knowledge, the proposed handling, tes t ,  and 
evaluation steps a r e  developed in  subsections 2 . 2  and 2 . 3 .  
The plan must  be based on a thorough knowledge of the design 
Handling of the TV camera  requires  utmost precaution a t  all stages. 
Special carrying cases  mus t  be provided to t ransport  the camera  from 
NASA to Hughes and within Hughes to minimize any potential disturbance to 
exter ior  surfaces and to avoid damage. P r i m e  consideration mus t  be given 
to the mode of transportation; special  handling by trained personnel will be 
required. 
important TV camera  character is  tics which must  be preserved in  transit ,  
including all surfaces. 
a l so  required. 
Instructions to these personnel should include appraisal  of the 
Special receiving and inspection procedures are 
Facil i ty requirements include a special  c.lean room having a con- 
trolled environment, and appropriate electrical ,  electromechanical, and 
mater ia ls  and components test  facilities. 
use of a special  TV test  setup, which i s  available f rom the Surveyor pro- 
gram, a s  well as use of a spare  TV camera  left f r o m  the Surveyor program 
for  "standard" practice and exploratory test  and f o r  comparison and evalua- 
tion of tes t  results. 
Electr ical  sys tem test  requires the 
Detailed subsequent examinations of subsystems, 
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components, and mater ia l s  require a variety of specialized facil i t ies,  which 
a r e  available and are briefly outlined in  the discussion of special  tests in 
subsection 2. 2. 7 
Plans  for  testing the TV camera  require recognition of proper 
sequencing of test  operations and the use  of existing Hughes procedures 
which specify the nature of each test  to be performed and the parameters  to 
be measured. The ma jo r  requirements for the tes t  plan entail the following 
distinct sequential operations: 
1) Initial survey tests 
2) Sys tem tests to determine electr ical  performance charac te r i s  tics E 
and to be used a s  a guideline for  subsequent component 
level investigations 
3 )  Carefully structured dismantling operations 
4) Tests  of individual subassemblies,  components, and mater ia l s  
*i; E a r l y  plans mus t  be made fo r  the removal of representative mater ia l  
samples,  and special provisions mus t  be made so that, in  the event of a n  
observed anomaly, cognizant components and mater ia l s  experts a r e  called in  
to participate in evaluation and planning of subsequent testing to ensure that 
original evidence i s  not destroyed. 
Requirements for  detailed procedures,  based on a n  intimate knowledge 
of the character is t ics  of the T V  camera ,  can be i l lustrated by a n  example 
involving dismantling operations. Thus, requirements for  the removal 
of the lower shroud of the television camera  include numerous steps,  s ta r t -  
ing with the following: 
Surface examination and photographs of a r e a s  to be disturbed, 
pr ior  to any disassembly 
Recording of torque values necessary to remove screws 
Examination and photographs of removed screws,  lock washers,  
and demated screw/shee t  metal  interfaces 
subsequent evaluation by the Materials and Components 
Laboratory, with proper identification and documentation 
Recording of torque values necessary  to remove connector 
jamnuts that a r e  used to retain the connectors to the lower 
camera  shrouds 
Examination and photographs of the removed jamnuts and demated 
Disposition of the jamnuts into an  identifiable container for  
subsequent evaluation 
Etc. 
Disposition of all screws and par ts  into a suitable container for I 
nut/sheet meta l  interface f3! 
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Careful documentation of all s teps  in  the tes t  program is required,  
similar to steps used on the Surveyor program in the original assembly 
process.  
effectively for this purpose. 
sequence and is  witnessed by Quality Control personnel. 
should be followed on all steps in  handling, mechanical operations, testing, 
photographing, d a t a  recording, analysis, and evaluation of the TV camera  
and its various piece par ts .  
The Hughes Operational Instruction Sheet (01s) system can be used 
Each operation i s  specified in  its proper 
This sequence 
An evaluation plan must  be s t ructured which takes into account the 
full knowledge of the previous his tory and performance character is t ics  of 
the TV camera  and which i s  sufficiently flexible to allow for proper  deviation 
a s  test  results become available. All available tes t  records,  repair  and 
rework records,  quality control records,  failure reports ,  and mission per-  
formance records mus t  be carefully researched to establish a reference 
baseline for evaluation of test  results.  
must  be used to a s s e s s  in detail a l l  tes t  data and to relate them to possible 
environment effects, a s  opposed to other sources.  
Intimate knowledge of the TV camera  
The evaluation plan must  provide for  contingencies, both those which 
can be presupposed in advance and those that may a r i s e  unexpectedly. 
example of the former  i s  a nonoperating vidicon tube; the a pr ior i  plan mus t  
include both the contingency that the vidicon i s  operating, in which case  
operational tests can be planned leading to evaluation of such tes t  resul ts ,  
as well a s  the contingency that the vidicon i s  not operating, in which case  
other approaches to testing and evaluation wi l l  have been prepared. 
example of a n  unexpected perturbation to a previously prepared evaluation 
plan i s  the discovery of shorts which may  preclude the application of power to 
the camera  o r  to i ts  subsystems and which may,  therefore ,  entail e a r l i e r  
dismantling and the loss  of anticipated test  data. 
An 
An 
The evaluation plan mus t include c r i te r ia  for  intelligent identification 
and assessment  of all tes t  anomalies attributable to lunar environment effects, 
a s  opposed to other causes ,  and plans for relating these anomalies to specific 
environmental parameters .  
requirements. F o r  example, a special  test  in a controlled environment may 
be des i red  for  comparison purposes on mater ia l  samples o r  components 
similar to the ones returned f rom the moon. Specialparallel  tests for com- 
parison purposes on another available Surveyor television camera ,  a s  
mentioned previously, constitute another example of such added evaluation 
requirements . 
This evaluation plan may thus entail additional 
The  evaluation plan must  also provide theoretical analysis and con- 
sideration of a pr ior i  expectations; i. e. ,  resul ts  of tests and results of 
analyses of discovered effects of the lunar environment must  be related to 
previously postulated effects of the lunar environment and to previously 
postulated expected results.  Discrepancies must  be analyzed and explained. 
Finally, the evaluation plan should attempt to generate useful conclu- 
sions in  the fo rm of design data. In this manner,  results of this program 
can lead to a mat r ix  of new, experimentally validated, design data ideally 
relating each environmental factor to each significant property of each impor- 
tant component, mater ia l ,  and subsystem parameter .  
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2 . 2  TEST P L A N  
2. 2. 1 Handline 
It is important to observe the required handling procedures 
throughout the test  program and to use proper handling equipment in o rde r  
to preserve  vital data. This section summar izes  TV camera  handling plans, 
precautions, and procedures applicable throughout the TV camera  test  phase 
operations. 
Transportation of the TV camera  from NASA to Hughes and f r o m  the 
The recommended container i s  of the same  type used on the 
Hughes receiving a r e a  to the clean room test  facility should be in a special  
container. 
Surveyor program. This container i s  a large suitcase type filled with 
polyurethane foam, with a preshaped pocket in the form of the camera .  
foam can be easily cut and shaped to accommodate the additional spacecraft  
TV camera  mounting clamp and s t ruts  that will be attached to the camera.  
It is  further recommended that desiccant be used in the container to keep 
humidity down to very low values. 
The 
Transportation of the camera to Hughes should be by trained m e s -  
senger. Upon receipt,  a l l  normal  Hughes receiving and inspection pro- 
cedures will be modified, so  that only cognizant engineers will be  authorized 
to accept the camera and to t ransmit  i t  to the clean room facility. 
Throughout the init ial  TV camera  tes t  phase, i. e . ,  init ial  survey 
operations, system test ,  and dismantling, the TV camera  will be located in 
a special  clean room with laminar flow benches. Normal clean room pro- 
cedures will be followed, including use  of smocks,  hats ,  and gloves. Strict  
control will be exercised so  that only authorized personnel will be allowed 
access  to the room. 
The camera  will a r r i v e  in i ts  container, enclosed in the protective 
bag, a s  discussed in subsection 1.3. 
(described in subsection 2. 2. 2 )  entails init ial  inspection and survey opera-  
tions, and particular c a r e  will be exercised from a handling standpoint 
during this phase of the program. The camera  will be carefully examined 
before and af ter  removal of the plastic bag. 
support s t ru ts  and cable clamp will be removed; and a t  the end of this tes t  
phase, the camera  will be mounted on a special  tripod for subsequent sys tem 
test  operations. 
gram. The camera  i s  supported to the tripod through the existing camera  
split - r ing clamp. 
The f i rs t  phase of the test  p rogram 
During this tes t  phase, the 
This tripod i s  s imilar  to the one used on the Surveyor pro- 
Special handling precautions and procedures will be required for the 
dismantling operations; these a r e  called out a s  par t  of the dismantling plan 
(subsection 2 .  2. 5). 
assemblies ,  components, and mater ia l s  is treated a s  part  of subsequent 
writeups. 
Similarly,  the handling of individual dismantled sub- 
B 
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2. 2. 2 Init ial  Inspection and Survey Operations 
2. 2. 2. 1 General  Plan 
The f i rs t  phase of the study of the effects of the lunar environment 
on the TV camera  will be a detailed visual and microscopic examination of 
a l l  exposed mater ia ls  and components. Where possible, samples of observed 
condensate and debris will be collected for further analytical studies. 
Examinations will be limited to steps 
system and subsystem tests.  
that will not interfere with subsequent 
The TV camera  will be received f rom NASA and set  up in  the clean 
room facility. 
F i r s t ,  the "as received" camera will be examined. Second, severa l  par ts  
of the camera  will be removed. 
starting system tests .  
interior examination. 
ready for system and subsystem tests.  
Inspection and study will  be accomplished in two steps. 
These parts must  be removed before 
Their removal presents an opportunity to conduct 
Following the examination of the camera ,  it wi l l  be 
The init ial  survey operation will  determine the effects of cold weld- 
ing, volatilization, radiation, micrometeoroid erosion, dust, and thermal  
cycling. 
environmental effect. Hughes has  examined the possibility of observing 
sputtering-induced damages and has concluded that sputtering i s  not an 
important aspect of expected environmental damage.': 
conclusion will be sought. 
The NASA Statement of Work also mentions sputtering a s  an 
Confirmation of this 
2 . 2 . 2 . 2  Examination of TV Camera P r io r  to Removal of P a r t s  
The exterior o f  the camera  i s  coated with white inorganic paint. 
The appearance of the coating will be determined. 
nates a r e  on the surface,  samples will be collected for infrared and/or  mass  
spectrographic analysis. The coating thickness will be measured using a 
dermitron, an instrument that will not mar o r  destroy the white coating. 
If dust o r  other contami- 
It i s  anticipated that the beryll ium m i r r o r  will be in the open position 
and that damage to the m i r r o r  surface may have occurred. Extensive 
examination of the m i r r o r  surface will be conducted. As described in 
subsection 2.2.8, the m i r r o r  is made with a S i 0  coating over vapor-deposited 
aluminum over a nickel plating (Kanigen) on the beryllium. Examination for 
discoloration of the S i 0  and for cracking and delamination of the coatings 
will be conducted. If any mater ia l  is  condensed on the m i r r o r ,  it will be 
removed and an analysis will be conducted. 
will be used, depending on amount of sample ( see  Section 3 for facil i t ies 
and procedures to be used). 
'In a cur ren t  Hughes r e sea rch  study, NAS2-5585, a l i terature review 
Infrared and other techniques 
.I, 
indicated that sputtering yields for protons a r e  quite low, on the order  of 
0.01 for aluminum. 
monolayer of aluminum. 
In a 2-year period, this would remove less  than a 
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The interior of the shroud i s  coated with a black organic paint. The 
condition of this paint will be determined. 
77 
The cabling into the base of the TV camera  i s  wrapped with alumi- 
I f  this cabling i s  re turned with the camera ,  init ial  
This can be done by 
nized teflon FEP film. 
examinations of the teflon will be conducted. 
future system tes t s ,  i t  will be removed at  this point. 
unwrapping the windings. 
nylon tie. 
and elongation tests.  
Since i t  has  no bearing on 
The teflon film winding i s  held in place with a 
This will be carefully clipped and retained for possible tensile 
The cabling f rom the base of the camera  to the hood i s  covered with t! 
nylon braid. The condition of this nylon will be determined, 
Extensive photographic records  will be made of all surfaces  of the 
camera.  
Microscopic examinations will  be conducted of all surfaces  and 
components directly viewable. 
The solar absorptance of the white paint will be measured  using a 
portable Gier-Dunkle instrument. 
where portable measurements  can be made. 
This i s  the only surface on the camera  
E 
There  i s  one a r e a  of polished aluminum on the camera.  This smal l  
a r e a  views the. lunar surface. 
on this surface. 
deposits resulting f rom outgassing Qf other portions of the spacecraft. 
so,  samples will be collected for infrared analysis. 
No micrometeoroid pitting would be expected 
However, the surface may have become contaminated by 
If 
Gear a r e a s  coated with solid film lubricant a r e  a lso exposed. These 
a r e a s  will be examined for wear  and other effects, such a s  loss of adhesion. 
2 . 2 . 2 . 3  Removal of Bracket and Shroud, and Internal Survey of 
Camera  
P r i o r  to conducting sys tem tes t s  of the TV camera ,  severa l  i t ems  
The o rde r  in 
covering the electronic circuits must  be removed. 
checkout of each subsystem before the application of power. 
which each par t  i s  removed, and the survey operations that will be conducted 
following i t s  removal,  i s  presented in the following paragraphs. 
This allows for the 
The f i r s t  par t  to be removed i s  the camera  mounting bracket with 
portions of the s t ru ts  attached. 
bolts will  be a measure  of any cold welding that may have occurred,  since 
original torque values a r e  available f rom Surveyor records.  
The torque necessary  to remove the mounting 
u 
Below the mounting bracket, there  i s  an inspection port in  the wall  of 
the camera  housing. 
viewing of the face of the shutter above the vidicon tube. 
port  will be opened and a visual examination of the shutter conducted. 
When opened (removing one retainer) ,  i t  allows direct  
This inspection 
Ii 
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may then be decided to open the shutter mechanically at that time. 
shutter i s  opened (by pushing with a smal l  teflon rod),  the vidicon tube face 
will be exposed. The condition of this tube face can thus be examined. 
If the 
The next s tep in the survey operations i s  the removal of the three 
cable connectors on the lower shroud of the TV camera.  
ibegin only after the connectors have been thoroughly examined. 
' fo rce  necessary to remove each connector w i l l  be measured, 
I pared to unexposed connectors. 
Removal will 
The 
This 
wi l l  yield information on cold welding when these connectors are com- 
The next step i s  the removal of the lower shroud. This provides 
another opportunity to measu re  any cold welding effects since a number of 
screws must  be removed. 
a detailed examination of surface conditions conducted. 
The torque to remove each will be measured  and 
The removal of the lower shroud will expose a number of electronic 
Associated with these a r e  a number of dif- components and circui t  boards. 
ferent mater ia ls .  
camera  s imilar  to the operation described above. 
An examination will  be conducted of this a r e a  of the TV 
Evidence of outgassed mater ia l  will be sought. Any condensation 
observed will  be examined by taking a sample for infrared analysis. 
components and cracked conformal coatings m a y  be found. 
be found; this will be removed for analysis. 
will be made. 
Cracked 
Debris m a y  also 
Extensive photographic records 
Microscopic examinations will be made where practical. 
It i s  emphasized that the work described in this section will not 
jeopardize any of the 'systems, subsystems, components, o r  mater ia ls  tes ts  
yet to be conducted. 
Following the work described above, the TV camera  will be positioned 
on the tripod assembly for system test .  
2. 2. 3 System Tes t  Plan 
2. 2. 3.  1 Introduction 
The system test  i s  initiated upon completion of the survey operations 
described above, during which all par t s  and connections to the TV camera  
have been left intact and only the lower shroud and the three input connectors.  
have been removed. The camera i s  mounted on i t s  tes t  tripod in the con- 
trolled clean room. 
The objectives of the system tes t  a r e  threefold: 
0 To determine the operability of the TV camera  and the general  
state of i t s  major  components 
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0 To check the performance of the camera  in order  to evaluate the 
camera  parameters  and functions for environmental effects 
To a s s e s s  and confirm requirements and plans for subsequent 
investigations a t  the subassembly, component, and ma te r i a l  
levels 
? 
o 
The general  plan presented h e r e  assumes  that no major  faults will be 
uncovered which will preclude completion of the system tes t ,  so that a com- 
plete plan i s  available in the event that i t  can be implemented. It i s  recog- 
nized that this plan i s  subject to major  modifications o r  deviations. In the 
event of a major anomaly, significant portions m a y  have to be deleted. At 
severa l  points, a s  previously indicated, a choice of action to be taken will 
a r i s e .  Therefore,  provisions for judgment and flexibility of action a r e  
essent ia l  features of this plan. 
The plan s t r e s s e s  caution in proceeding f rom step to step. Initial 
checkout of individual cr i t ical  elements and a l l  vital  functions i s  performed 
without application of power, with major  subassemblies disconnected from 
each other,  and with dummy loads applied. 
entail gradual increase  of applied voltage and a le r tness  to unpredictable 
responses.  In the event of an anomaly, immediate consultation with expert  
system and unit engineers,  including representatives f rom the Components 
and Materials Laboratory, i s  required before making the decision to continue 
o r  to change the sys tem test  procedure. Care  i s  taken to ensure that sys tem 
tests  will in no. way invalidate subsequent component level diagnostic investi- 
gations, vital in properly assessing lunar environment effects. 
assured  that no loss of vital  data will  occur and that the sys tem test  i s  
expected to provide meaningful data in an integrated T V  camera  configuration, 
will the final, most  detailed, sys tem test  operation be ca r r i ed  out. This 
final phase consists of a complete paramet r ic  and functional checkout in 
accordance with existing procedures,  with all init ial  connections remated. 
The following tes ts  generally 
Only i f  i t  i s  
B 
8 i  
The intent and conduct of the sys tem level tes ts ,  therefore,  implies 
a fundamental compromise; the tradeoff involved i s  between the des i re  and 
ability to obtain sys tem performance data and the des i re  to dissect  and 
diagnose individual components for an  intimate detailed assessment  of lunar 
environments. Both a r e  desirable,  but sys tem tes t s  must  not be completed 
behavior of i t s  individual components, mater ia ls ,  and elements. 
at the pr ice  of destroying par t s  of the camera o r  invalidating data on the m 
2 . 2 . 3 . 2  Tes t  Sequence 
The sys tem test  will be performed under ambient pressure  and 
temperature  conditions. Subsequently, selected subassemblies and com- 
ponents will  be tested under thermal-vacuum conditions, a s  discus sed later 
in this report .  
vacuum o r  thermal-vacuum environment. 
The system test  does not warran t  a requirement for a 
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The general  t es t  sequence, assuming total success ,  as discussed 
above, is as follows: 
Electronic conversion unit (ECU) rotation and visual camera  
checks 
Elec t r ica l  checkout of the ECU (gradually increasing voltage 
and dummy loads 
Pre l iminary  checkout of the vidicon subsystem (visual, r e s i s  
tance,  low voltage, etc. ) 
Pre l iminary  checkout of the m i r r o r  assembly 
Pre l iminary  checkout of other cr i t ical  electronics 
Re configuration 
Pre l iminary  sys tem checkout (using Table 15 f rom Specifica- 
tion 232998, Revision D,. Flight Acceptance Tes t  and Type 
Approval Tes t  Specifications and Tes t  Procedures  for Surveyor 
Television Survey Camera)  * 
Complete functional sys tem test  
ECU Rotation and Visual Inspection. The TV camera  design has  
provision for pulling back the ECU subassembly to provide internal  access  
to the camera .  
the ECU to the mult ichassis  subassembly will  be removed; the ECU will  be 
pulled back, turned 90 degrees ,  and remounted to the multichassis sub- 
assembly by a special  tes t  fixture. 
bly and the inter ior  of the multichassis subassembly and allows access  to the 
ECU output terminals .  
This will  be performed a s  follows: the three  bolts mounting 
This exposes the vidicon housing a s s e m -  
In this configuration, the camera  is accessible  for a much m o r e  
detailed visual inspection, which will be performed in accordance with 
general  steps outlined in subsection 2. 2.2.  The ECU, vidicon, and 
other electronic subsystems wi l l  be inspected carefully for  obvious 
failures.  
will  then be disconnected for the individual checks and tes ts  descr ibed 
below. 
The connections between the major TV camera  subassemblies 
Throughout these operations, all mechanical contacts and connections 
will be examined for cold welding and other effects, a s  discussed in other 
par t s  of the repor t  (e. g . ,  subsections 2. 2. 2 and-2. 2. 5). 
that the amount of torque applied to the various nuts and bolts involved in 
this operation has  been recorded in the quality control his tory r eco rd  
It should be noted 
.I. 
‘This table is reproduced later in this section. 
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(QCHR) of this camera  (Ref. 283312-7, S / N  13, Survey TV Camera 
Redbook), so  that a direct  comparison can be made for the assessment  of 
effects of lunar exposure. 
Electr ical  Checkout of ECU. All  input and output terminals  of the 
ECU will be checked with an ohmmeter for possible shorts.  ECU output 
terminals will be disconnected f rom the various camera  functions under 
controlled obs ervation. 
Representative (dummy) loads will be connected to the ECU, and sys-  
tematic checkout of i t s  e lectr ical  performance will be conducted. 
ing of output voltages and other vital functions until the ECU performance 
i s  completely validated at  ra ted values. 
This will 
be done by gradual increasing the applied voltage and with careful  monitor- E 
Detailed procedure for this operation i s  available f rom Survey pro- 
g r a m  files: ECU Test  Procedure 283752. 
Init ial  Vidicon Checkout. Corresponding to the above EC U checkout, 
This tes t  
will include a detailed visual inspection for cracks,  faceplate peeling, e tc . ,  
and a check of the gaseous conditions. 
sat isfactory,  a resis tance check w i l l  be performed, followed by tes t s  with 
gradually increasing applied voltage. . 
a preliminary examination will be conducted on the vidicon tube. 5%- 
If the visual inspection appears  
Detailed procedure for this phase of the program is a lso available, 
and i s  presented in subsection 2. 2. 6, where a complete (subsequent) check- 
out of the vidicon, after i t s  removal  f rom the TV camera ,  i s  discussed. 
The procedure described h e r e  i s  the f i r s t  par t  of this plan. I 
Mir ro r  Assembly Checkout. The TV m i r r o r  assembly preliminary 
tes t  will be conducted in a corresponding manner. 
assembly after i t s  removal  f rom the camera  i s  discussed in subsection 
2. 2. 7. 
r ied  out a t  that t ime to ensure i t s  functioning, including continuity tes t s ,  
res is tance and insulation checks, and operability with gradually increasing 
voltages. This tes t  will  a s s u r e  that no cr i t ical  failures have occurred in the 
m i r r o r  subassembly which can cause catastrophic failures in the m i r r o r  
stepping and fi l ter  wheel drive circui ts  in the camera.  
The test  of the m i r r o r  
Init ial  par ts  of that procedure (Test  Procedure 283250) will be ca r -  
- 
Pre l iminary  Checkout of Other Crit ical  Electronics. Analogous to 
the above tes t s ,  preliminary visual, ohmmeter,  and powered tes ts  wi th  
gradually increasing voltage and appropriate loading will be conducted on 
the other cr i t ical  electronic subassemblies following available subsystem 
test  procedures. These tes ts  will be conducted using external power sup- 
plies in o rde r  to preserve  the status of the ECU. 
status. 
The units will be checked 
for shorts  and other obvious discrepancies to determine their operational ll 
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Each function will  be checked in accordance with appropriate 
excerpts f r o m  Test  Specification 232988, Revision D (see Functional 
System Test) .  
The following cr i t ical  chassis  and subassembly tes ts  will be 
included: 
0 
0 
0 
0 
0 
Normal mode sweep circuits and video amplifier, chass i s  
A4-45 (paragraph 5.6 of Specification 232988)* 
Emergency mode sweep circui ts  and video amplifier,  chassis  
A3-A5 (paragraph 5.6 of Specification 232988) 
Lens control and drive circui ts ,  chassis  A l ,  A2 
(paragraph 5. 13 of Specification 232988) 
Mir ror  response - chassis  A l ,  A2, A6 
(paragraph 5.13 of Specification 232988) 
Shutter drive - chass i s  A5 - A6 - Test  shutter for proper 
operation (paragraph 5.6 of Specification 232988) 
Reconfiguration. After completion of the above individual subas sem-  
bly checkouts and tes ts ,  a complete reassessment  will be made of the condi- 
tion of the cr i t ical  components of the TV camera.  
examined to determine that i t  i s  safe to proceed, in  accordance with the 
general  discussion in  subsection 2. 2.3. 1. 
has  been uncovered and it i s  not possible o r  advisable to continue with the 
plan below, a decision may be made either to proceed with portions of the 
system test  o r  to discontinue the sys tem test  and to proceed with dismant- 
ling ofthe camera  and subsequent diagnostic investigations. 
t o  continue, the camera  will be reconnected in i t s  flight configuration. 
Test  data will  be carefully 
In the event that a major  failure 
If it i s  possible 
Prel iminary System Checkout. The f i r s t  portion of the system test  
consists of a sequence of prescribed checks to  provide a general  a s s e s s -  
ment of the functioning of the TV camera  before undertaking a detailed 
measurement  of i t s  parameters .  
system test procedure available f rom the Surveyor program: Flight Accep- 
tance and Type Approval Test  Specification and Tes t  Procedure,  232988, 
Revision D, and is called out i n  that document as Table 15,and is reproduced 
on the following pages. 
This table is a n  extract  f rom a complete 
Complete Functional System Test.  
have not invalidated the plan to conduct the sys tem test ,  the camera  i s  now 
ready for a complete functional sys tem checkout; 
t es t  will, therefore,  be conducted next and constitutes the major  portion of 
the sys tem test  phase. 
Assuming that the above tes t s  
This functional sys tem 
A detailed procedure i s  available f rom the Surveyor 
.I< 
‘Applicable portions of Specification 232988, Revision D, a r e  presented in 
Appendix B. 
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CoMMAaD 
Vidicon tempcrature 
control ON 
-.  
Composite video output at 179/18031-1 
and 179/18051-2 exhibits sync, blank and 
noise charakterist ics i l l u s t r a t ed  i n  Figure 3 
Power ON 
I 
Step mirror UP 
SURVEYOR LABORATORY 
%?Ut SYSTEMS DIVISION 
HUGHES A I R C R A f t  C O W A N Y  2 - 2 6  
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R L V I S I O N  YO DL L 
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~ 4 0 ~ 1 1 3  of 291rhomr 
Step mirror RIGHT 
Step mirror U F T  
Two-step mirror RIGHT 
Two-step mirror LEFT 
REQUIRED CAMERA HESPONS 
+ ~ 9  vol t  input l i n e  current (179/18051-21) 
shall be 10 t o  130 ma. 
If the +29 vol t  input l i n e  current i n i t i a l l y  
exceeded 36 ma, the cur ren t ' shs l l  momentarily 
decrease t o  10 t o  36 ma within a f ive  minute 
period. 
Camera electronics temperature readout 
voltage at 179/180%t-22 is  +2.75 k 0.75 volts. 
Vidicon faceplate tenperature readout voltage 
at 179/18OJl-l8 i s  +2.75 5 0.75 volts. 
~~ ~ ~~ 
"Mirror Elevation Position" meter (see Note 1) 
indicates an incrementa& decrease i n  voltage 
and mirror steps one step up (visual) .  
"Mirror Elevation Position" meter indicates an 
incremental increase i n  voltage and mirror 
steps one step down (vlsual). 
"Mirror Azimuth Position" meter indicates an 
incremental decrease i n  voltage. 
"Mirror Azimuth Position" meter indicates an 
incremental increase i n  voltage. 
Mirror assembly steps t o  the right two 
steps - visual.  
conventions. 
See Figure 2 f o r  directional 
Mirror assembly steps t o  the le f t  two steps - 
v i s u a l .  
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. .  
I ,  
Step filter wheel C W  
I indicates H.5 + 0.5 volts. I 
i :- Applied command must be repeated to end 
REQUIRED CAMERA RESPONSE 
For cameras 233112 basic, -1, -2, -3, -4 or 
-5, "Filter Wheel Position" meter indicates an 
incremental decrease in voltage. For cumera 
to first command. _ _  
exposure mode ON For all cameras other than 233112 basic, -1, 
I or -2, reseau marks are observed on the TV 
Set 1OO'ran focal length 
I 
i 
-_L- 
**fioCel Length Position" meter reading increases 
to 4 4 . 5  + 0 .5  volts. i 
-I_- ---_ -_ - 
i monitor with +27 + 2 volts applied at 1 179/18051-30 and iith sufficient light input , 
/ Set 25 mm focal length 
-A to the camera. 
"Focal Length Position" meter reading decreases 
to 44.5 + 0.5 volts. - 
I 
-- 
i Multiple step focus OUT 
L 
A maximum of 13 seconds after application of 
the cmmmnd, the "FOCUS Positionw* meter 
indicates +4.5 + 0.5 volts. 
Applied command must be repeated to end 
camera response to first command. 
- -- - -I. 
-- __-.___j I --- 
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!CABLE 15 (cont;i,nyed) 
increaae i n  voltage. . 
COMMAND 
Time exposure mode o[pp 
S t a r t  frame - 
Shutter i n h i b i t  
override 
Iris servo ON 
(See Note 2 )  
Step iris CLOSED 
Step iris OPEN 
Step i r is  C L O S D  
commands u n t i l  iris 
i s  at f / 2 2  
Emergency mode ON 
Power OFF 
Vidicon temperature 
control OFF 
REQUXRQ) CAMERA RESFQNSS I 
Reseau marks are observed on the TV monitor 
with +27 f 2 vo l t s  appkied at 179/180~1.-30 
and w i t h  rruf'ficient l i g h t  input t o  the i 
camera. I 
I 
-99 
1 
I Reseau marks are no longer observed on 
the Tv monitor. 
I 
Reseau marks are  temporarily observed on 
t o  the camera. 
the TV monitor with suff ic ient  l i g h t  input  i 
Iris Position" meter indicates an increase 
.in voltage if the light input to the camera 
i s  increased or  a decrease i n  voltage i f  the 
, 
n 
I 
I l i gh t  input t o  the camera is decreased. 
"Iris Position" meter indicates an incremental 
decrease i n  voltage 
Composite video output at 179/180~1-1 and 
179/180~1-2 exhibits sync, blank and noise 
charac te r i s t ics  i l l u s t r a t e d  i n  Figure 3 with 
a horizontal  sweep period of 100 f 10 msec 
and a ve r t i ca l  sweep period of 20.6 
f 2 sec when +27 f 2 vol t s  i s  applied t o  
179/180~1-30. 
~~ 
Voltage at 179/18051-11 does not exceed 
+0.1 volts.  
+29 vo l t  input l i n e  current does not 
exceed 0.25 ma. 
SURVEYOR LABORATORY 
l- 
tm 
lot8 1: 
lot. 2: 
kte 3: 
+x 
-X 
+Y 
-Y 
Rmber of Peak W - S L n e  Stibstitute psrk 
Shock8 Aucebmtian ( 8 )  Scwtooth &cclerrrtian (g) 
2 15 24 
2 15 24 
2 15 24 
2 15 24 
I 
-z i 4 
6.1.3  re-test Corditinar: 'Ilse following conditionr viu exist 
prior to the tertr gf 6.1.4: 
25 40 
6.1.3.1 Clarr, power oii. 
6.1.3.2 Vidlcan tapentun control off. 
6.1.3.3 'h8t ed80 6&* Off. 
6.1.3.4 dPdter cla.rd. 
6.1.3.5 &as pooltioar - not e r ~ l l r r b s d .  
6.1.3.6 # m r  pllO.it$am - not ertrblirbb. 
6.1.3.7 Input llne atrsrr, - &awl ('hble 2). 
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program: Flight Acceptance and Type Approval Tes t  Specification and Tes t  
Procedure for the Survey Television Camera,  232988, Revision D. This i s  
44 pages of this procedure and i s  included to indicate i t s  scope and degree 
of detail. Although the system test  includes steps 5. 0 through 5. 16 of this 
procedure,  Appendix B goes only through s tep 5.6 in o rde r  to limit the size 
of this report .  
a major  document of near ly  300 pages. Appendix B comprises  the f i r s t  .?F 
Extensive documentation i s  a l so  available on past performance of the 
Trouble and failure repor t s  Surveyor 111 TV camera  to  this tes t  procedure.  
(TFRs)  of the camera  a r e  a lso available for problems which occurred 
throughout the design and tes t  phases of the Surveyor camera  and during 
Surveyor I11 mission operations. 
parative assessment  and evaluation of sys tem tes t  resul ts .  
These documents can be used for com- 
I 
In the event that certain catastrophic failures occur ea r l i e r  in  this 
Fo r  example, a catastrophic failure of the 
phase of the tes t  program, appropriate portions of this procedure can be 
used o r  omitted as appropriate. 
vidicon would resul t  in  a portion of this procedure being followed, with the 
procedure omitted. 
bly, another m i r r o r  assembly f rom the Surveyor program can be substituted 
and the above procedure followed to check out, among other things, the mir- 
r o r  and fi l ter  wheel dr ive circuits in the camera.  
vidicon tube being disconnected, and paragraphs 5. 7 through 5. 12 of the E 
If there  i s  a catastrophic failure of the m i r r o r  a s s e m -  
2. 2. 3. 3 Facil i t ies 
The system test  will be performed in the controlled clean room 
available for this purpose. 
equipment available a t  Hughes and special  TV tes t  equipment and a spare  
Surveyor TV camera  available f rom the Surveyor program. 
The facil i t ies required include standard tes t  
A complete list of the required tes t  equipment i s  included on pages 8 
and 9 of Specification 232998 (Appendix B). 
described in 3.2. 1, page 8,  Appendix B, is available a t  the Je t  Propulsion 
Laboratory and will  have to be t ransfer red  to Hughes for  this purpose a t  
NASA's direction. 
The TV system test position, 
This includes the following tes t  equipment: 
Monitor, Command Generator,  HAC E242926, E242936, o r  E242976 I 
Panel,  Tes t  Point, HAC E242930, E242937, o r  E242976 
Panel,  Sync Separator,  HAC E242991 
Monitor, Conrac TV, Model CSS-6 
Panel,  Bridge, Temperature  Sensing, HAC E242970 
Panel,  TV Monitor Input 
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Ir; 
i 
Voltmeter, Digital, NLS Model 484A 
VTVM, H P  Model 412AR 
Supply, Power, Power Designs Model 3650 
Supply, Power,  Power Designs Model 5015A 
The supplementary tes t  equipment consists of the 30 i tems  listed on 
Many of the i tems a r e  standard equipment available 
The following special  i tems on that l ist ,  how- 
page 9 of Appendix B. 
a t  the Hughes laboratories. 
ever ,  mus t  be made available to Hughes: 
Light Box, Variable Intensity, HAC 264821- 100 
Photometer, Spectra 
Brightness Source, Spectra, 9 foot-lamberts 
Tripod, Majestic 
Tes t  Pat terns ,  Slide, 11 by 14 inches 
- Horizontal resolution, 200 lines 
Horizontal resolution, 300 lines 
Horizontal resolution, 450 lines 
Horizontal resolution, 600 lines 
Vert ical  resolution, 200 lines 
Vertical  resolution, 300 lines 
Vertical  resolution, ,450 lines 
Vertical  resolution, 600 lines 
I r i s  setting 
These i tems  are also available f rom the Surveyor program a t  the Je t  P r o -  
pulsion Laboratory. 
Fa,cilities for the conduct of the vidicon checkout and of the TV 
m i r r o r  subassembly checkout a r e  discussed in the respective detailed sub- 
sys tem plans (subsection 2. 2. 6 and 2. 2.7). 
The spare  T V  camera  required for parallel  comparison tes ts  is 
available a t  JPL.  and should be t ransfer red  to Hughes for  tkis program. 
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2. 2.3.4 Supporting Tes ts  
Para l le l  tes ts  will be conducted on the standard TV camera  for 
reasons discussed in detail  in subsection 1. 4. 
procedures,  especially in  cases  where deviation f rom a standard, preplanned 
course of action i s  indicated, and to provide comparison data. Essentially 
all the steps mentioned above for the ret r ieved Surveyor 111 camera  will  be 
performed on the standard TV camera.  
These tes ts  will check out 
Extensive use of photography is  planned throughout the appropriate,  
phases of the system test .  
2.2.3.5 Control and Documentation 
The system test  p rogram will be conducted with the c a r e  and pre-  
cautions observed on the Surveyor program. All  steps will be documented 
and adherence to procedures enforced. All  anomalies and failures will be 
carefully recorded and documented. Occurrence of deviations will require  
immediate consultation of cognizant technical personnel; this requirement 
will be controlled and enforced. Results of tes t s  will be presented in the 
f o r m  of complete tes t  repor t s ,  which will immediately be made available 
to evaluation personnel. 
Throughout the tes t  phase, full use and reference will be made to the 
wealth of existing Surveyor technical data and documents, including the 
above-mention.ed TFR files,  QCHR repor t s ,  procedures,  camera  redbooks, 
drawings, design data, Surveyor technical repor t s ,  and departmental techni- 
ca l  memoranda. 
2. 2 .4  Analvsis and Evaluation of Svstem Tes t  Results 
18 
P 
Upon completion of the TV camera  sys tem tests ,  and pr ior  to dis-  
mantling and component level testing, an  in te r im analysis and evaluation of 
system tes t  resul ts  i s  deemed essential. This subsection descr ibes  the 
nature and consequences of this analysis and evaluation task. The total  
analysis and evaluation plan for the TV camera,  of which this is a par t ,  is 
discussed in  subsection 2. 3. 
1 In view of the uncertainties of the state of the returned TV camera  
and i t s  components, it i s  not possible a t  this point to have final positive 
assurance  that any tes t  plan will  be s t r ic t ly  followed. 
plan for contingencies. 
in the previously prepared tes t  procedure, the operations which follow may 
have to be modified. 
sys t em tes t  can be completed pr ior  to dismantling operations. 
in  subsection 2.2.3, however, i t i s  necessary  to be preparedfor  abandonment 
tain parameter  changes o r  unit failures prevent continuation of planned tes ts .  
Similarly, plans for subsequent subassembly and component level testing 
It is necessary  to 
Depending on the outcome of resul ts  of any one step 
The plan s t ructured h e r e  assumes  that the complete 
As discussed 
o r  modification of par t s  of the sys tem test  plan if  i t  i s  determined that c e r -  f% 
2-32 
may have to be reappraised and modified. While such a continuous analysis ,  
evaluation, and reappra isa l  throughout the tes t  p rogram i s  presumed, it i s  
par t icular ly  significant to pause and take stock of the situation upon comple- 
tion of the sys tem test ,  p r ior  to dismantling. 
Detailed analysis of resu l t s  of the sys tem test ,  o r  those portions of 
i t  that have been successfully completed, and analysis of those portions that 
have been determined to be significantly a l te red  o r  rendered inoperative will  
be used as the basis  for reaffirming o r  suitably modifying component level 
tes t s  to follow. 
sive effort covering all aspects  of TV camera  hardware and functional 
operations. 
This portion of the tes t  p rogram will  therefore  have an  exten- 
Analysis and evaluation of sys tem test  resul ts  will distinguish between 
System performance changes will sys tem performance changes and failures.  
be carefully examined and related to pr ior  knowledge available f r o m  original 
TV camera  tes t  data and lunar mission performance data. 
identified with the par t icular  camera  function and subassembly involve.d, and 
both the probable cause and the consequence of this failure on subsequent 
planned tes t s  will be carefully analyzed and outlined. 
sequent tes ts  wi l l  be reviewed and modified accordingly. Analysis of the 
changes and fai lures  observed will  be aided by detailed records  available of 
s imi la r  occurrences in the past  on this camera ,  a s  well a s  on other Surveyor 
television cameras .  Where occasion warran ts ,  additional testing of s imi la r  
TV camera  units o r  subassemblies will  be conducted to identify the change 
o r  failure and to determine i t s  probable cause. 
necessary ,  not only functional tes ts  but also special  environmental 
exposures.  
Fa i lures  will  be 
Plans for sub- 
This may include, i f  deemed 
Results of this' prel iminary analysis will then be picked up by the 
overa l l  TV camera  evaluation group for subsequent determination of the 
relationships of observed changes and/or  fa i lures  to lunar environmental 
effects to which these changes can attributed. 
In performing this task, full advantage will  be taken of the extensive 
experience and f i r  st-hand knowledge available to-Hughes cognizant personnel. 
Numerous supporting documents a r e  available to a s s i s t  this evaluation 
process .  As an example, a special  extensive report ,  "Lunar Night Survival 
Study - TV Camera" (reference Hughes IDC 2711.10/401) can be quoted. 
Results of this analysis and evaluation phase will be carefully 
reviewed by a competent technical panel and will  be  coordinated with the 
customer before dismantling the TV camera  and proceeding with the 
follow-on portions of the planned test  program. 
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2 ,  2. 5 Dismantling Plan 
2. 2. 5. 1 
Upon completion of the system test ,  a systematic disassembly of all 
subsystems and units w i l l  be conducted down to the component and material 
levels. 
subsystems level tes ts  w i l l  be conducted. 
sequential steps outlined below: 
Sequence of Disassembly Operation 
Wherever applicable in  the course of this dismantling operation, 
The general  plan follows the 
The first  s tep  i s  the removal  of the m i r r o r  assembly f rom the 
r e s t  of the camera.  
in parallel. L 
These two major par t s  a r e  then dismantled 
The m i r r o r  assembly i s  checked out as a subsystem, .as 
discussed in  subsection 2. 2. 7, and is subsequently disassembled. 
One of i t s  major  subassemblies, the f i l ter  wheel assembly, i s  
removed and tested. 
a r e  then analyzed in  detail ,  a s  discussed in subsequent sections. 
The TV camera  without the m i r r o r  assembly is then dismantled 
a s  follows, noting again that in each step of the dismantling 
operations major  subsystems and chassis  a r e  subjected to their 
respective tests prior to the detailed disassembly of par ts ,  
components, and mater ia l s  for final analysis. These subsystem 
level tes t s ,  as well a s  components and mater ia ls  tes t s ,  a r e  all  
discussed in  the following sections. 
The various components and mater ia l s  
= 
a) Support s t ructure ,  lens  system, and control c i rcui t  
subassembly 
b) E C U  subassembly 
c) Mi r ro r  and shutter drive circui t  subassembly 
d) Sweep circui t  and video amplifier subassembly 
e) Vidicon subassembly 
I 
Detailed discussion of the dismantling operations is  presented in  th i s  
section. 
Extensive documentation i s  available f r o m  the Surveyor program 
relating to the procedure for ,  and the order  of assembly of, the TV camera.  
These documents include the detailed operation instruction sheet (01s) and 
the quality control his tory record  (QCHR). 
instructions; the QCHR is an his tor ical  record  of all operations and findings. 
The disassembly process  generally follows in  r eve r se  order  the information 
contained in the 01s. 
The 01s contains assembly 
Lf 
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2.2.5.2 General Rules F o r  All Disassembly Operations 
~~ 
The specific rules  which w i l l  be established, and s t r ic t ly  adhered to, 
in  the course of disassembling operations include the following: 
Every par t  removed f rom the assembly will be subjected to a 
careful visual scrutiny, and its description w i l l  be logged. The 
disposition shall be determined a n d  the par t  forwarded to the 
Components and Materials Laboratory o r  stored in a marked 
container. 
Each par t  showing some variance f r o m  its original condition 
shall be photographed pr ior  to further evaluation and a separate 
log established. 
All junctions of diss imilar  metals shall  be subjected to micro-  
scopic examination. 
Al l  fastening devices that were staked with loctite o r  epoxy 
shall have the removal description logged. Samples of the 
staking material shall be forwarded to the Materials Laboratory. 
All rubbing o r  bearing surfaces shall be subjected to micro-  
scopic examination. 
determined by the Lubrication Laboratory. 
Coefficient of friction values. shall be 
The 'mir ror  surface shall be evaluated by the Optics Laboratory 
for  reflective character is  tics and flatness. 
The positidn of all rotating o r  moving par ts  shall be determined 
prior to operation o r  disassembly and entered into the log. 
Each rotating or  moving par t  shall be analyzed to determine 
if  cold welding o r  other phenomena occurred at the position 
established in  i tem 7. 
Dismantling of the camera  shall be restr ic ted to qualified 
personnel familiar with the TV camera.  
Protective clothing, such as smocks, caps,  and gloves, shall 
be worn by personnel during the dismantling operation. 
Plast ic  bags, foam pads, containers, etc. will be used to s tore  
and t ransfer  the disassembled par t s  to the Components and 
Materials Laboratory. 
All per sons performing disassembly, testing, and witnessing 
shall enter their names in  the log. 
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Special ca re  in handling during the dismantling of the camera  w i l l  be 
emphasized to preserve the changes imposed on the camera  elements 
by the lunar environment. To implement this handling, special tooling and 
existing tes t  f ixtures,  plastic bags, foam pads, and containers will be used 
to dismantle and contain the various subassemblies,  chassis ,  etc. for  
detailed analysis. 
T 
2. 2. 5. 3 Removal of the Mi r ro r  Assembly 
Removal of the m i r r o r  assembly is  relatively simple and consists of 
the following sequence of operations (note that the lower shroud had already 
been removed during preliminary survey operations, (subsection 2.2.  2). 
ri 
1) Removal of the retainer ring that separates  the mirror assembly 
f rom the r e s t  of the camera  
2) Removal of the m i r r o r  ring gear ,  which requires  removal of the 
hardware mounting it to the camera  
3) Removal of the support sleeve, analogous to operation 2 .  
Standard assembly tools, equipped wi th  torque gages, w i l l  be used 
to remove se t  screws and connectors, and to measure  the breakaway torque 
values. Assembly details a r e  shown in Hughes Drawing 284312. 
2 .2 .  5. 4' Disassembly of TV Mi r ro r  Assembly 
The TV m i r r o r  assembly will be dismantled separately f r o m  the 
r e s t  of the TV camera.  
process  is  the filter wheel subassembly. 
One of the major  subassemblies removed in this 
Complete records  of the TV m i r r o r  assembly a r e  available. The 
m i r r o r  assembly on the Surveyor 111 spacecraft  is  designated a s  par t  number 
236250-8, and i t s  flight acceptance and type approval tes t  (FAT) specification 
i s  236128. The f i l ter  whee l  assembly i s  designated as par t  number 3024480. 
Disassembly of the m i r r o r  assembly w i l l  be conducted in r eve r se  o rde r  in 
accordance with the assembly instructions contained in pertinent documents. - 
Steps to be followed in  dismantling the TV m i r r o r  assembly a r e  as 
f 0110 ws  : 
1) The elevation drive unit and left hand support w i l l  be removed. 
a) The housing cover w i l l  be removed and inspected for  debris,  
wear, and cold welding. 
b) The wires  to the ro ta ry  solenoid and the potentiometer wi l l  
be unsoldered. 
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The tapered pin w i l l  be removed f rom the shaft (this pin 
h a d  been secured by loctight). 
The four screws holding the support to the m i r r o r  base- 
plate w i l l  be removed. 
The support will be pried loose f r o m  the baseplate. The 
support i s  indexed to the baseplate by two light p re s s  f i t  
pins. Cold welding may  make removal difficult. The 
support contains ballbearings for  supporting one side of 
the elevation shaft; these should be a slip fit, but cold- 
welding may have occurred. 
The m i r r o r  wi l l  be removed by sliding the shaft out of the right-  
hand bearing support. 
may have occurred. 
Cold welding of the bearing to the shaft  
The various w i r e s  w i l l  be unsoldered f r o m  the components and 
the harness  removed f rom the hood. The screws fastening the 
hood to the m i r r o r  base will be removed. 
removed f rom the base, with ca re  not to damage the filter 
wheel assembly. 
The hood will be 
The set sc rew holding the filter wheel shaft in the baseplate 
and the two screws securing the gear  box to the baseplate wi l l  
be removed. 
noting that cold welding of the shaft to the baseplate may have 
occur red. 
The filter wheel assembly wi l l  be lifted out, 
The rightlhand elevation support will be removed, similar to 
steps Id and le .  
2 . 2 .  5. 5 Dismantling TV Camera  Without Mi r ro r  Assembly 
The TV camera  with the m i r r o r  assembly removed will then undergo 
the sequential disassembly operations l isted in  step 3 of 2. 2. 5. 1. The 
camera  w i l l  be mounted for  this operation on the special  assembly test 
fixture shown in Figure 2-8. 
The first s tep i s  removal  of a subassembly, consisting of a support 
s t ructure  (not shown in Figure 2-8), which supports the lens subassembly, 
lens, control circuits, star mode module, and shutter. The control 
circuits a r e  two boards, (designated chassis A1 and A2), which control 
lens operation. 
given in  subsection 2. 2.. 5. 6. 
Details on the subsequent disassembly of these par ts  are 
The ECU subassembly i s  removed next. This operation is discussed 
in  subsection 2. 2. 5. 7. 
2-37 
F i g u r e  2 - 8 .  Special Assembly  Tes t  Fixture  
(Photo R103948)  
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The m i r r o r  and shutter drive subassembly (designated as chass i s  A6) 
i s  then removed, a s  discussed in  subsection 2. 2. 5. 8. 
The video amplifier and sweep circuits subassembly, known a s  the 
multichassis assembly, and containing chassis  A3, A4, and A5 which fo rm a 
triangular s t ructure  around the vidicon subassembly, i s  next to be removed. 
(see subsection 2 . 2 .  5. 9). 
Last  to  be removed i s  the vidicon subassembly, a s  discussed in  
subsection 2. 2. 5.10. 
The above interior subassemblies  w i l l  be removed by cutting 
ra ther  than unsoldering wires. 
all screws, nuts, lock washers,  and bolts. 
Standard tools wi l l  be used in removing 
2 . 2 . 5 . 6  Removal and Disassembly of Support Structure, Lens 
' System, and Control Circuits 
. .  
follows: 
1) 
The above subassembly is depicted in Hughes Drawings 232856 and 
232975  The sequence of steps in performing this disassembly is a s  
The two lens control c i rcui t  boards (chassis A1 and A2) wi l l  
be removed by cutting the interconnecting wires and dis- 
connecting the mounting hardware.  
The' support s t ructure  subassembly wi l l  be removed by unfasten- 
ing the four bolts that hold the support s t ructure  to the deck 
structure.  The interconnecting harness  wire wi l l  be cut. A 
dust cover' w i l l  be placed over the vidicon faceplate. 
s t ructure  subassembly thus removed f rom the camera ,  wi l l  be 
further dismantled, a s  follows: 
The support 
F i r s t ,  the shutter assembly  and s t a r  mode module w i l l  be 
removed by disconnecting the mounting hardware. Finally, the 
lens assembly wi l l  be removed f rom the support subassembly 
by taking off the mounting hardware,  exercising caution regarding 
the optical  surfaces and the beam splitter. 
The lens assembly (par t  number 252206) and the shutter assembly 
wi l l  then undergo subsequent detailed dismantling in the Electro-optical 
Laboratories according to standard procedures.  The lens assembly, OIC I 
used for this purpose (in r eve r se  order ,  as discussed previously) i s  available 
f rom Surveyor records.  Similarly, the shutter assembly, Hughes par t  
number 284389-2,  wi l l  be dismantled as per i t s  01s. 
2 . 2 . 5 .  7 ECU Removal 
The ECU w i l l  then be removed by cutting the interconnecting wires 
and removing the mounting hardware,  with the aid of Hughes .ECU 
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installation drawing 28377. 
of i t s  components ( reference Hughes drawing 290652). 
The ECU will be further dismantled f o r  removal 
T 
2. 2. 5. 8 Removal of Shutter and Mir ror  Drive Control Circuitry 
Subassembly 
The shutter and m i r r o r  drive control c i rcu i t ry  subassembly 
chassis  A6) wi l l  be removed next by cutting the harness  interconnecting 
wires  and by removing the mounting hardware.  Further dismantling of 
this chass i s  wi l l  be conducted in  accordance with its assembly drawing 
(283600). 
2. 2 .  5. 9 Removal of Mulichassis Subassembly 
The triangular multichassis subassembly surrounding the vidicon 
(chassis A3, A4, and A5) and containing video amplifier and sweep 
circuits w i l l  be removed by cutting the interconnecting wires  and removing 
the mounting hardware,  in  accordance with information in Hughes drawing 
232975. Fur ther  dismantling of this multichassis assembly w i l l  be conducted 
per  Hughes drawing 232970. mE 
2.2. 5. 10 Removal  of Vidicon' Subassembly 
The las t  major dismantling operation i s  the removal and disassembly 
of the vidicon subassembly. This operation must be conducted with par-  
t icular c a r e  because of the sensitivity of par ts  to possible damage in handl- 
ing. Therefore,  only qualified personnel familiar with this subassembly 
w i l l  dismantle it. The harness  interconnecting wires  to the vidicon tube 
wi l l  be cut and the remaining harness ,  including connectors, removed f rom 
the camera.  
tube and deflection coil f rom the housing. ( reference Hughes drawings 290786, 
Vidicon Cell  Assembly, and 290788, Yoke Installation): 
The following sequence will be used to remove the vidicon 
1 )  Vidicon Cell  - Yoke 
The lock ring and spring-loaded keyed retainer  w i l l  be 
removed using existing vidicon tube spanner wrenches. 
The socket assembly will be removed. 
Leads to the vidicon thermal  radiator wi l l  be cut. 
The dust cover wi l l  be removed f rom the faceplate. 
The indexing cap  w i l l  be removed. 
The tube w i l l  be slid forward and a dust cover installed. 
-I 
Y 
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g) The boron nitrate collar wi l l  be removed f rom the tube 
(reference drawing 233046). 
h)  The tube will be removed f rom the housing and placed in 
a vidicon tube container. 
i) The yoke assembly will be removed and placed in  a 
container. 
2) Vidicon Housing - Thermal  Radiator 
a) The vidicon housing will be removed f rom the deck 
s t ructure  by removing mounting har dwar e (reference 
drawing 232861). 
b) ,  The thermal  radiator will be removed f romthe  deck 
s t ructure  by removing mounting hardware (reference 
2 32 97 1). 
2 .2 .  5.  11 Summary 
The above disassembly operations will generate in order  a number 
of subassemblies,  mechanical and electr ical  components, and materials to 
be subsequently tested, as discussed in  the remaining sections of this test 
plan. The major  i t ems  thus removed f rom the camera  at  the subassembly 
level have been.identified above in  the course of the description of dis-  
assembly operations. 
of the camera  a r e  shown in Figure 2-9. 
list of the typical component and material level par t s ,  resulting f rom the 
above dismantling opgrations, and transmitted for subsequent detailed 
analysis, i s  given below to illustrate the degree of depth and detail to which 
dismantling operations and subsequent t e s t  and evaluation operations will 
be conducted. 
In particular,  the major  optical/mechanical elements 
A partial ,  although incomplete, 
The m i r r o r  assembly, for  example, i s  expected to yield the 
following components, detailed parts,  and materials: 
Components 
1) Rotary solenoids 
2) Stepper motor 
3) Potentiometers 
4) Thermal  switch 
5 )  Heaters 
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c 
k 
6) Bearings 
7) Electr ical  connector 
Detailed P a r t s  
1) Mir ror  
2 )  Gears  
3) Index pins 
4) Springs 
5) Screws and washers  
6 )  Self-locking in se r t s  and nuts 
Materials 
Thermal  paint 
Epoxy 
Wire and insulation 
Solder 
C onf orma! coating 
Teflon 
Various s t ructural  material 
Lubricant 
Disassembly of the lens assembly, the filter wheel assembly, and 
the shutter assembly w i l l  result in  the following types of components and 
materials: 
Components 
1) Stepper motor 
2 )  , Potentiometer 
3) Bearings 
2 -43 
Detailed Pa r t s  
Lenses 
Gears  
Cams 
Cam followers 
Drive r ings 
Magnets 
Coil. s 
Iris blades 
Index pins 
Screws and washers 
Self-locking inser t s  and nuts 
F i l te r  glass  
Materials 
EPOXY 
Wires and insulation 
Solder 
Conformal coating 
Telfon 
Various s t ructural  mater ia l s  
Magnetic shield material 
Lub r i c ant 
Dismantling of the electronic chass i s  will s imilar ly  lead to  
many mater ia l s  and components - somewhat m o r e  obvious, so that a 
detailed listing does  not appear to be warranted. 
E 
E 
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F 
i 
As previously indicated, dismantling operations wi l l  be performed,  
in  an available clean room environment facility, and standard tools wi l l  
suffice. No special equipment wi l l  be required,  with the following two 
important exceptions: 
0 Vidicon spanner wrench 
0 Camera  assembly fixture 
Both of these a r e  available f rom the Surveyor program at the Je t  Propulsion 
Laboratory and should be made available to Hughes. 
fixture i s  the one shown in Figure 2-8, a s  discussed in subsection 2.2.5. 5. 
The camera  assembly 
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2. 2. 6 Mechanical Components Tes ts  
2. 2. 6. 1 Introduction 
The disassembly procedure descr ibed in 2. 2. 5 r e fe r r ed  to a number 
of tes t s  conducted during and at the completion of the dismantling operations. 
These t e s t s  included subassembly level tests,  as required, component 
tests,  and a variety of t e s t s  on ma te r i a l  and component samples.  This and 
the following subsection a r e  concerned with the subsystem/component level  
tes ts .  The mechanical, electromechanical, and electro-optical  elements of 
the TV camera  a r e  t rea ted  in this  subsection; 2. 2. 7 d i scusses  the  electr ical  
subassemblies and components. 
7 
Specifically, the following subas semblies/components a r e  t rea ted  
here:  
0 Fil ter  wheel subassembly 
0 Lens assembly  
0 Shutter assembly 
0 Stepper motor  
0 Potentiometers 
2. 2. 6. 2 TV M i r r o r  Assembly 
Checkout of the m i r r o r  assembly for  its operability and condition a s  
a subsystem pr ior  to dismantling it for  subsequent subassembly and 
component/material-level testing is  discussed here .  The tes t  p rogram will 
be conducted using documentation available f rom the Surveyor program, 
including specifications, flight acceptance tes t  (FAT), history, and standard 
tes t  procedures .  
par t  No. 236250-8. Detailed specifications a r e  given in Hughes document 
No. 236120 and flight acceptance test specifications in document No. 236128; 
the tes t  procedure is document No. 283250. 
The TV m i r r o r  assembly on Surveyor I11 was designated 
R 
The proposed t e s t s  a r e  in two categories:  a s s e s s m e n t  of t he  general  
condition of the m i r r o r  assembly, and complete functional checkout of its 
operation. A unit log book will record  the tes t  history.  
Tes t  of Condition. The position of the TV m i r r o r  assembly p r io r  to 
The its removal  f rom the T V  camera  assembly will be noted and recorded. 
bearing surfaces  and the azimuth dr ive gear  teeth will be photographed and 
the i r  description recorded. 
remove the azimuth gear  mounting screws  will be recorded. 
staking compound and the screws  for ma te r i a l  t e s t s  will be bagged and 
tagged. 
will be recorded in the log book. 
The type of staking and the method used to  
Samples of the 
B Evidence of cold welding between the gear  and the camera  housing 
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P 
Functional Checkout. The following pa rame te r s  will be recorded in 
the order  listed: 
1) Continuity, res is tance and insulation check of the various 
circui ts  
2) Minimum operating voltage of the f i l t e r  wheel dr ive and the 
m i r r o r  dr ives  
3)  Mirror  step size 
4) Number of commands to proceed f rom stop to stop in azimuth 
and elevation 
5 )  Mi r ro r  position repeatability 
Facil i t ies.  The following facilities available f rom the Surveyor 
program a r e  required to  perform the functional test:  
0 Four channel control box 
0 Mir ro r  dr ive control box 
0 TV m i r r o r  calibration fixture 
0 Standard.electronic tes t  equipment 
Depending upon resu l t s  obtained, it may be desired to  repeat a l l  o r  
some of these functional tes t s  under thermal  vacuum conditions. 
case a t he rma l  vacuum chamber, available a t  Hughes, will be used. 
All .  t e s t s  will be conducted in a clean 
In this 
Supplementary Comments. 
room using procedures compatible with this  requirement.  
gloves will be worn when handling the camera  hardware.  
debris  will be examined visually, photographed, described in t h e  log book, 
and collected for  analysis by the Mater ia ls  Laboratory. 
Clean white 
Accumulated 
Results of the functional t e s t s  will be compared to s imilar  data 
recorded in  the TV Mir ro r  Assembly Quality Control History Record (QCHR). 
Any discrepant value will then be investigated f o r  cause by a recheck of 
tes t  equipment, procedure, and data o r  by selective analysis of t h e  com- 
ponent o r  c i rcu i t ry  involving the discrepancy. 
2. 2. 6. 3 Fi l te r  Wheel Subassembly. 
A separate  inspection and functional check of the filter wheel sub- 
assembly will be conducted af ter  removal of the fi l ter  wheel subassembly 
f rom the  T V  camera  assembly. P r i o r  to  removal, the filter wheel position 
will be noted and recorded. The fi l ter  wheel will be dismantled for exami- 
nation of individual pa r t s  in the  Components and Mater ia ls  Laboratory when 
a l l  t e s t s  have been completed. 
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The fi l ter  wheel is  designated a s  Hughes pa r t  No. 3024480. 
Standard tes t  procedure No. 290044, available f r o m  the  Surveyor records,  
will be used in conducting the functional checkout. A unit log book will be 
established and clean room procedures  utilized. 
Initial check will include a visual inspection of gea r s  and filter 
elements for  cold welding, color change, and surface erosion o r  
degradation. Functional testing, in o rde r  of performance, will include 
the following: 
0 Continuity and res i s tance  check of the motor  and potentiometer, 
0 Measurement of the minimum operating voltage of the  dr ive 
motor  
7 
0 Response to  step command 
Faci l i t ies  required for these t e s t s  include: 
0 
0 Standard electronic tes t  equipment 
Four  channel control box (available f r o m  the Surveyor program)  
h 
2.  2 . 6 . 4  Lens Assembly 
Before removing the lens  assembly f rom the T V  camera,  the 
position of its focus, zoom, and iris will be noted and recorded, and a 
visual inspection of the g lass  will be performed for  any evidence of cold 
we 1 ding. 
After removing the lens  assembly, a complete functional checkout 
will be conducted, with the aid of available Surveyor procedures.  
assembly is designated pa r t  No. 252206; its specification i s  No. 233104. 
The lens 
Functional tests,  in o rde r  of their  performance, will entail 
measurement  and recording of the following parameters :  
Me c hanic a1 
0 Continuity and res i s tance  check of moto r s  and potentiometers 
0 Minimum operating voltage for  each of t h ree  function dr ive 
mot0 r s 
0 
0 Response to step command 
Length of t rave l  for  the th ree  functions 
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Optical 
I 0 Re solution 
0 Image shift 
0 Distortion 
0 Magnification 
0 Transmit tance 
Facil i t ies required to per form these measurements  include: 
Four  channel control box (available f r o m  Surveyor p rogram)  
0 Bell and Howell optical t es t  fixture 
0 Standard electronic tes t  equipment 
2. 2 .  6.  5 Shutter Assembly 
After removal f rom the TV camera,  the shutter assembly will be 
completely checked out, utilizing Hughes procedures  and other documents 
discussed previously. 
284389-2; tes t  procedures  a r e  Hughes documents No. 284383 and No. 284388. 
The Furveyor I11 shutter assembly  i s  par t  No. 
Visual inspection will be conducted fir st, with particular emphasis 
on any evidence of cold welding between rotor and pole faces.  
t e s t s  will include measurement  and recording of the following parameters ,  
in order  listed: 
Functional 
0 Continuity and resis tance check of the field coils 
0 Minimum breakaway current  
Exposure t ime 
The following facil i t ies a r e  required to  per form functional checks: 
0 Collimated light source and mounting fixture ( available f rom 
the Surveyor program)  
0 Shutter control box ( available f rom the  Surveyor program)  
Standard electronic tes t  equipment 
Results of the functional t e s t s  will be compared to  s imilar  data in 
Surveyor storage files. 
cause by recheck of the tes t  equipment, procedure, and data o r  by selective 
analysis of the component o r  circuit  involved in the discrepancy. 
Any discrepant value may then be investigated f o r  
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2. 2. 6. 6 Stepper Motor 
A special t es t  will be conducted on the stepper motor when removed 
f rom the T V  camera.  Supporting documentation, including fo rma l  pro-  ? 
cedures,  a r e  available f rom Surveyor records.  
The stepper motor,  par t  No. 988351, is 1-1/2 inches in diameter  by 
It is of par t icular  interest  t o  determine the 2-1/2 inches long, dc operated. 
effects of extended vacuum in combination with ex t reme cold tempera tures  
on motor  charac te r i s t ics  and performance, as representat ive of many such 
designs. Also of interest  is the extent to which the lunar environment has  , 
s t r e s sed  the ma te r i a l  used in the construction of the motor .  
p rogram therefore  entails  both functional tes t s  of the motor as  a subassem- 
bly and detailed examination of its pa r t s  upon fur ther  dismantling. Careful 
handling during tes t  is important s o  as not to jar or  rotate the output shaft  
p r io r  to final dismantling. 
The tes t  
B 
Performance  Tes ts .  The s tepper  motor  will be examined visually 
for sur face  defects, cracks,  condition of teflon leads, and other observable 
data and will then be X-rayed to  determine whether any apparent internal 
de f e c t s have oc cur  r ed. 
The initial shaft position will be recorded, and the detent torque 
will be measured.  If a torque load of twice the specific.ation requirement  
does not cause the shaft to rotate, no attempt will be made to s t r e s s  the 
shaft fur ther .  It will be assumed that the bearings, o r  the rotor ,  o r  both 
may  have cold welded. 
analysis performed, as discussed la ter ,  a t  the par t s /mater ia l s  level. 
These t e s t s  will include complete fa i lure  analysis.  
The motor  will then be dismantled and a detailed 
If the  shaft ro ta tes  at torque loads l e s s  than twice the specification 
requirement,  the breakaway torque will be recorded and the motor  will be 
subjected to a complete functional tes t .  
tes t  program, in the o rde r  of performance, a r e  as  follows: 
Major elements of the functional 
0 Shaft end play 
0 Shaft rad ia l  paly 
0 Coil res i s tance  
E 
0 Angular rotation 
0 Stepping ra te  
0 Detent torque 
0 Running torque 
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0 Insulation resis tance 
0 Dielectric strength at reduced level 
Evaluation of Functional Test  Results.  Test  resul ts  will be 
compared with the original quality conformance tes t  data and a tes t  
on identical components to better evaluate the effects of the lunar 
run 
environment. Tke motor will then be subjected to  a post-test analysis. 
Tes ts  at the Pa r t s IMate r i a l s  Level and Fa i lure  Analysis. 
motor  will be dismantled and each par t  will be be examined f o r  surface 
defects, evidence of cold welding, condition of remaining lubricants, o r  
any evidence of insulation breakdown. The bearings, shaft, rotor, stator, 
and detent mechanism will be examined visually. 
The 
Depending upon resul ts  of t e s t s  and evaluation operations, detailed 
evaluation of various individual components and ma te r i a l s  will be performed 
by the Components and Materials Laboratory. Facil i t ies and techniques 
available a r e  discus sed la ter  in connection with the electrical  component 
tes t s  (2. 2. 7), and in the TV mate r i a l s  tes t  discussions (2. 2. 8). . 
Facili t ies.  No special facil i t ies a r e  required other than those 
available in the Hughes Components and Materials Laboratory. 
2 .  2 .  6. 7 Potentiometers 
Potentiometers a r e  used in the TV camera  for determination of the 
positions of movable elements such a s  focal length settings, f i l ter  wheel 
settings, and other elements, discussed in 2. 1. 1. Postflight t e s t s  of the 
potentiometers a r e  particularly important because certain anomalous per  - 
formance had been observed for some of these settings during lunar 
operations. Complete assessment  of the effects of various elements of the 
lunar environment is necessa ry  to provide design data, a s  well a s  diag- 
nostic information. The test  program will provide this information. 
Records and procedures  available f rom the Surveyor program will 
be of ass is tance in planning and conducting these  tests,  including records  
on preflight tes t  his tory and mission performance. 
Hughes par t  No. 3024493, has been tested extensively during qualification 
f o r  flight. 
a r e  a s  follows: 
The potentiometer, 
Par t icular  questions the tes t  program i s  expected to answer 
0 How many hours of operating life were accumulated on the 
potentiometers while on the moon, and i s  degradation con- 
sistent with expectations based on qualification and acceptance 
t e s t s ?  
Do records  of system operation show evidence of malfunction 
o r  degradation that can be confirmed in this ana lys i s?  
0 
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0 Are performance characteristics of the potentiometers still 
within acceptable limits ? 
Do X-rays show deformation of slip ring assemblies due to the 
long exposure to  low temperatures? 
0 Is the extent of wear of the wiper and resistive element within 
the predictable limits established by qualification testing ? 
0 What i s  the location and distribution of wear products and 
lub r i c ant ? 
0 What is the distribution of wear of the resistive element? 
0 Does the extended exposure to  hard vacuum cause evaporation 
of material that i s  detectable by visual means? 
evidence of coating of surfaces from condensation of evaporated 
m'aterials ? 
the tolerances and clearances of moving par ts?  
Is there 
Is there evidence of evaporation that has affected 
0 Has extended temperature cycling at the extreme lunar tem- 
peratures contributed to  degradation of the potentiometer such 
as cracking o r  warping of plastic par ts?  
Tests of Performance Characteristics. Before operating the camera, 
the position of the wiping contact on the resistance element should be 
determined. This can be done by electrical means, mechanical means, 
or both. 
operations until the shaft torque is measured. 
The shaft should not be moved during early testing and dismantling 
Before measuring performance characteristics, external surfaces 
should be examined for  degradation due to  evaporation of metal o r  plastic 
materials and f o r  cracking caused by thermal cycling. Performance char- 
acteristics should be measured in the following sequence, in accordance 
with MIL-R-12934: 
h 
0 X-ray examination of slip ring assembly and bearings 
0 Mechanical torque 
0 Noise 
0 Total resistance 
0 Linearity 
0 Insulation resistance 
Detailed procedures a re  available from the Surveyor program for 
performing the s e mea sur ement s. 
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Detailed Examination of Disassembled Parts. The potentiometer 
will be disassembled and subjected to  a detailed microscopic examination, 
including the specific steps outlined below. Areas of wear and abrasion on 
the wiper contact resistive element and slip ring assembly and bearings 
that require closer examination may be inspected using a scanning electron 
microscope at a magnification of 400  o r  more. 
0 
0 
0 
0 
0 
0 
The plastic housing will be examined f o r  evidence of outgassing 
o r  physical degradation such as  cracking or  warping. 
The bearings will be examined fo r  scoring, pitting, distribution 
of wear, evidence of cold welding, or  contamination. 
The contact block and guide will be examined fo r  degree of wear 
of the plastic surfaces in contact with metal o r  plastic surfaces. 
The block will be examined for  cracking o r  warping and freedom 
of movement. 
gassing o r  coating of surfaces. 
The resistance element will be examined for abrasion caused 
by the wiper, loss of lubrication due to  wear, extent of wear 
in terms of loss of metal, distribution of wear along the ele- 
ments, presence of particle or  film contamination, loose o r  
damaged turns, and degradation attributable to cold welding of 
the wiper and element. 
Examination will be made fo r  evidence of out- 
The wiper contact will be examined f o r  abrasion loss of metal 
caused by wear, film contamination, and degradation due to 
cold welding of the wiper and the elements. The contact force 
will be measured using a gram gauge. 
necessary for  the least amount of wear on the element and low 
contact noi s e. 
A force of 7 grams is 
The slip ring assembly will be examined f o r  wear of the sliding 
contact surfaces, looseness of the slip ring on the insulator, 
and loss of lubrication due to  wear. 
Materials Analysis. A detailed analysis o f  some of the critical 
materials of the potentiometer will be conducted in accordance with the 
general description in 7. 2. 8. 
yield strength, tensile strength, and specific gravity should be measured 
f o r  the following: plastic housing, shaft, bearing, wiper block, wiring, 
wiper contact, slip ring, and resistive element. 
In particular, physical properties of hardness, 
Facilities. Facilities required for conduct of tests a re  all available 
in the Hughes Components and Materials Laboratory, except for  the scanning 
electron microscope (SEM) which is available from Hughes Research Labora- 
tories in Malibu. 
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Evaluation of R-esults. Results of inspection and of t e s t s  of 
performance character is t ics  will be compared with the available Surveyor 
qualification tes t  data on the potentiometers. 
comparison of data on the wear of wiper contact on the resist ive element. 
Available documentation will mater ia l ly  a s s i s t  th i s  evaluation process.  
Hughes repor t  No. 3024493, Evaluation Report of Duncan Potentiometers, 
presents  a detailed analysis of mechanical and electr ical  problems observed 
during the potentiometer qualification phase. Another valuable supporting 
Hughes document, the Engineering Journal of R. S. Davidson, contains data 
on the rework of Duncan potentiometers which led to  the preparation of the 
r e po r t  m enti one d a bo ve . 
Of particular interest  i s  i h e  
2. 2. 7 Electr ical  Component Tes ts  
2.  2. 7. 1 Introduction 
In dismantling the TV camera  without i t s  m i r r o r  assembly, dis-  
cussed in 2. 2. 5. 5, a number of subassemblies  wi l l  be removed; these will 
be further disassembled in the course of the t e s t  program. 
descr ibes  the plans for  testing the electronic elements in the process  of 
and a t  the completion of this  dismantling. 
include subassemblies  a s  well a s  individual components. 
This subsection 
These tes t  plans therefore  
7 
If the t e s t s  a t  the system level, discussed in 2. 2. 3, prove success-  
ful - that is, if the electronics were  operational and it was possible to  
conduct the system tes t  in accordance with the procedure described in 
2. 2. 3 - then it i s  not planned to  repeat any t e s t s  a t  the subassembly level, 
with the exception of the vidicon subassembly and the mechanical and optical 
subsystems discussed in the preceding subsections. The E C U  subassembly, 
the video amplifier and sweep circuits,  the multi-chassis assembly (chassis  
A3, A4, and A5), and the control c i rcui ts  boards (chassis  A1  and A 2 )  will 
not be tes ted a s  complete subassemblies but will be further dismantled and 
their  vital components tested at the components and mater ia l s  levels. If 
for  any reason the system t e s t s  cannnot be performed on a l l  o r  some of 
these chassis,  these subassemblies will be subjected to  a complete func- 
tional checkout a t  this t ime. 
the applicable pa r t s  of the system tes t  procedure (Procedure 232998 re fer red  
to  in 2. 2. 3 and included, in part, in Appendix B). Plans for  conducting 
these t e s t s  a t  the subassembly level therefore  a r e  not repeated in this 
sect ion. - 
This checkout will be made in accordance with 
Test  plans presented in this section include the vidicon subassembly 
and the individual elements of the vidicon subassembly and those electr ical  
components which mer i t  individual diagnostic t e s t s  and analysis upon dis-  
assembly  of the above mentioned chassis.  
The specific components for  which tes t  plans a r e  presented here  
a re :  e lectr ical  connectors, thermal  switch, diodes and t rans is tors ,  mag-  
netic components, and r e s i s t o r s  and capacitors. 
2-54 
The test  plans described include a somewhat detailed discussion of 
standard diagnostic procedures,  with emphasis on the expected effects of 
the lunar environment, with the understanding that a l l  of the tes t  operations 
described may  not have to be performed. The scope and content of tes ts ,  
at the components level, or  the many electr ical  components will be affirmed 
on the completion of the system test  and af ter  a prel iminary evaluation of 
observed anomalies, discrepancies, and fai lures .  The ma te r i a l  presented 
here  should therefore  be viewed a s  a general  plan, the completion of which 
i s  to be car r ied  out selectively on the basis of judgment and assessment  of 
resul ts  of preceding t e s t s  and analyses. 
The components tes t  plans a r e  based on extensive experience and 
existing procedures  in the Hughes Components and Materials Laboratory.  
Pertinent extracts f rom available documents a r e  included a s  well a s  a brief 
discussion of required, available facilities. 
2 .  2 .  7. 2 General Approachto Fai lure  Analysis of Electrical  Components. 
A s  discussed above, there  will  be t imes  when, in addition to  checking 
functional and physical character is t ics  of components, specific fa i lures  
observed in preceding t e s t s  will have to be thoroughly investigated to deter-  
mine the failure mode and relate  it to the lunar environment. 
approach for determining the mode of failure and the physics of failure, 
developed in the Components and Materials Laboratory on the Surveyor 
program and on other programs, is  summarized here.  
A general  
Isolation of Fai lure  Mode. Initially, a visual examination i s  made 
Measureriients 
A l l  of these t e s t s  a r e  nondestructive. 
and electr ical  and mechanical pa rame te r s  a r e  measured. 
under simulated environmental conditions and an evaluation of hermeticity 
a r e  a lso performed, a s  applicable. 
The initial evaluation i s  intended to: 
0 Verify the reported failure mode 
0 Determine the degree of compliance with specification 
requirements  
0 Provide a basis  f o r  planning further analysis 
Determination of Fai lure  Mode. Investigations to  determine the 
actual causes  of failure require  disassembly of the device, and hence a r e  
destructive. The followingmethods a r e  used f o r  the analysis, a s  required: 
I 
1 ) Radiographic Analysis. Fur ther  confirmation of failure mode 
i s  attempted. The location of internal elements i s  shown to aid 
.in planning dissection. 
2) Fluoroscopic Analysis. This analysis permi ts  observation of 
internal elements of a device in various planes while powered. 
The display can be magnified. 
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Dissection. The internal elements a r e  exposed for  
nondestructive testing to identify the failure mechanism. 
Elements of the device a r e  removed for destructive investi- 
gation of the failure mechanisms and physics of failure.  
Optical Microscopy. 
magnification to provide visual confirmation of reported failure 
and visual detection of suspected failure mechanism. 
This examination uses  low to medium 
Photo Record. 
analysis a r e  photographed to  provide a permanent visual 
presentation of suspected contributors t o  the actual failure 
and to record  the status and condition of the device at  various 
stages of the analysis. 
A l l  anomalies observed throughout the failure 
Scanning E le c t r on Mi c r o s copy. 
provides a wide range of magnifications. In addition, it has  
special character is t ics  which a r e  particularly useful for 
investigating solid state devices. 
Scanning e le c t r on m ic r o s copy 
Microtopography - In the emissive mode of operation, 
SEM can shgw topographical details  with a resolution of 
150 t o  300 A at magnification up to 100, 000 t imes.  Depth 
of focus i s  better than a light microscope at s imilar  mag- 
nifications by a factor of at least  300. 
Surface voltage contrast  - In the emissive mode of operation, 
potential differences of l e s s  than 0. 1 volt can be detected 
between o r  in the elements of a complex circuit. 
Current  contrast  - In the conductive mode, SEM can detect 
specimen current  paths and provide conductive maps of the 
regions below the specimen surface. 
Fabrication - In the processing mode, SEM can be used t o  
cut thr  ough su spect se ct ion s. 
BI 
Microprobe Analysis. 
semi-quantitative elemental  analysis. 
This analysis provides a qualitative and 
Infrared Radiometric Microscopy. This technique i s  used for  
nondestructive determination of thermal  distribution profiles, 
hot spots, device discontinuities, and thermal  dissipation 
patterns.  
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Investigation of Physics of Failure.  The final step i s  detailed 
probing of the identified failed par t  to  determine precisely the physical 
p rocesses  that took place. The following techniques available a r e  used: 
Metallographic Sample Preparat ion and Analysis. These 
techniques provide information regarding internal device 
construction, metallurgical structure of mater ia ls ,  and 
semiconductor diffusion depths and profiles. 
Chemical Analysis. 
decapsulation of potted devices, stripping and identification 
of semiconductor elements by etching and staining, detection 
of surface anomalies in semiconducto r by anionic immersion, 
and thermal  distribution and hot spot location using liquid 
crystals.  These techniques also provide quantitative and 
qualitative data on organic and inorganic compounds and on 
particulate c ont aminant s. 
Chemical techniques a r e  used for  
X-ray Diffract ion Analysis . 
a r e  used for identification of metallurgical phases, crystallo- 
graphic orientation and grain size, and nondestructive solid 
compound i d  ent if ic  a t  ion. 
X- r ay  diffraction te  chnique s 
Microprobe. 
X-ray spectrochemical analysis of submicron volumes of 
The electron beam microprobe i s  used for 
materials,  chemical mapping of regions of failure, location 
of a r e a s  of exclusion of desired elements, and identification 
of foreign contamination. 
Ab so rption/T r an smi  s s ion Spectrophotometry. 
t ransmission and atomic-absorption techniques proidde the 
capability for analysis of alloys and pure metals ,  estimation 
of t race metals  and t ransmission properties of g lass ,  and 
organic and inorganic chemical analysis.  
Ab so rption/ 
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2. 2.  7. 3 Vidicon 
Tes t s  on the vidicon subassembly, containing the very important 
vidicon tube, can yield considerable data on the effects of lunar environment 
on the tube and on the electr ical  and ma te r i a l  elements of this subassembly. 
Par t icu lar  ca re  is required in conducting these t e s t s  to  separa te  lunar 
environment effects f rom other causes  and ensure  that significant data will 
be obtained. 
7 
Testing and evaluation of data will be aided by available records  on 
this and other vidicons. 
S/N 5133754, was tes ted and assembled a t  Hughes and tes t  personnel and ' 
procedures a r e  available. 
The Surveyor I11 vidicon tube, type 988925-1, 
Extensive comparison data on other vidicons a r e  
a l so  available. K 
A s  discussed in 2. 2. 3. 2, ce r ta in  prel iminary tes t s  of the vidicon 
These will be made p r io r  to its removal  f r o m  the TV camera  assembly.  
tes t s  will determine the general  operating condition of the vidicon and ensure  
i t s  operability for the system test .  The initial portions of the tes t  descr ibed 
he re  will therefore  be performed a t  that  t ime, a s  well a s  repeated upon 
removal of the vidicon subassembly f r o m  the TV camera .  
In the event that  the vidicon i s  operational, data on i t s  performance 
will first be obtained f rom the system test ,  and the f i r s t  portion of this  
repeat procedure will simply yield additional data which can be compared 
with the system tes t  resul ts .  Subsequently, the vidicon will be disassembled 
and the succeeding par t s  of the tes t  plan described h e r e  implemented. 
If the vidicon proves inoperable during the initial checkout on the TV 
camera  and system t e s t s  cannot be made, the procedure descr ibed will lead 
to  a detailed assessment  of the vidicon- -its performance charac te r i s t ics  
and failure modes.  x 
Handling Requirements.  
during a l l  phases of i t s  t es t  p rogram.  
system. Its method of construction and processing make it especially sus-  
ceptible to  catastrophic failure.  Design features  that account for  this 
fragility include the g lass  envelope, the Kovar g lass  seals  in the base, and 
the indium seal  joining the photoconductor faceplate to the tube envelope. 
A s  a resul t  of limited tempera ture  processing during manufacture, the vidi- 
con tends to  gas  up more  rapidly and has  a reduced operating o r  shelf life 
in comparison with other vacuum tubes.  
The vidicon requi res  special  handling 
It i s  the only vacuum tube in the 
In addition to' handling care ,  special  precautions must  be observed 
These precautions include visual examina- 
during t e s t  t o  ascer ta in  that the vidicon i s  operational and to prevent 
destruction by tes t  equipment. 
tions, res i s tance  checks, measurement  of vacuum conditions, and low 
voltage checks pr ior  to the application of full operating voltages. 
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It i s  essential  to have available a second vidicon tube subassembly 
for use  in  paral le l  with the tes t  of the ret r ieved Surveyor I11 vidicon. 
second subassembly will be used to conduct dry  runs to check out 
procedures and to  obtain comparison data. 
This 
Visual Examination. The vidicon tes t  will  s ta r t  with a thorough 
visual examination of the TV camera  during the system test ;  this  examina- 
tion will be repeated la ter ,  af ter  removal  of the vidicon, a s  a first step of 
the subassembly tes t .  The examination will seek out defects and possible 
degradation. The photoconductor will  be examined for  signs of peeling and 
crazing. The tube will a lso be checked for  g lass  cracks,  discoloration of 
the photoconductor and glass,  and degradation of the get ter .  
the lead connections in the base  will be removed to inspect the g lass  seals  
and the cathode assembly, exercising extreme ca re  not to  damage the tube. 
If possible, 
Validation of Vacuum Conditions. Assuming that initial t es t s  do not 
reveal  any cause for  ser ious concern, that  the checkout procedure can be 
continued, and that immediate dismantling is not warranted, the next step 
i s  to  ascer ta in  the vacuum condition inside the vidicon. 
be performed both on the camera  and as the next tes t  sequence for  the 
removed vidicon subassembly. 
level of gas  p re s su re  i s  adequate for subsequent application of voltages, so  
that no catastrophic damage to  the vidicon would resul t .  
This t e s t  a l so  will 
It mus t  be performed to ascer ta in  that the 
The vacuum check will be per formed using the vidicon filament as  a 
P i r an i  gauge. 
vacuum than under p r e s s u r e  of a surrounding gas,  which tends to  cool it, 
filament res i s tance  is  a measu re  of the ambient p r e s s u r e  surroundiag the 
filament. 
be fur ther  validated by t e s t s  on the second, backup vidicon. 
of this measurement  i s  such that gas  p r e s s u r e  can be obtained to  within an 
order  of magnitude for  a heater  res i s tance  uncertainty on the o rde r  of 
1 percent.  
within about one o r  two o r d e r s  of magnitude. This should be adequate to 
determine whether o r  not functional t e s t s  of the vidicon can be attempted 
wi€hout significant dama e .  The maximum tolerable  p re s su re  level i s  in 
the o rde r  of to  1 0 - l T o r r .  
Since the tempera ture  of a heated filament is  higher in 
The relationship i s  well  known, and specific values expected can 
The sensitivity 
Gas p r e s s u r e  within the vidicon can therefore  be estimated to 
If the filament tes t  i s  inconclusive, other methods a r e  available t o  
determine the p r e s  su re  level; these methods, however, a r e  potentially more  
destructive and will requi re  on-the-spot a s ses smen t  before their  imple-  
mentation. These techniques include discharge measurements  and slow 
buildup of heater  power with a check of electron gun emission at low anode 
voltage. 
If the p re s su re  is determined to  be exces.sive, the system tes t s  
descr ibed i n  2 .  2 . 4  will probably have to  be abandoned. 
subsystem tes t  program, two courses  of action will  be available. 
attempt may be made to re-evacuate the tube and conduct functional tes ts ,  
o r  it may be necessary  to  proceed to final dismantling operations, 
mater ia ls- level  tes ts ,  and fai lure  analysis investigations, discussed la ter  
in this section. 
A t  this point in the 
A.n 
Re-evacuation of the tube which will lead to  " repa i r"  of the 
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vidicon will be conducted only a s  it appears  feasible, and if  it can be 
ascer ta ined that this operation will not destroy any vital evidence. 
re-evacuation will be performed by opening the exhaust tubulation and 
connecting an auxiliary vac-ion pump to remove any remaining gas .  
This 
Initial Electr ical  Checkout. Assuming that the p r e s s u r e  has  been 
determined to be sufficiently low, o r  that  the tube has  been re-evacuated 
and i s  ready for  a functional test ,  an init ial  checkout will be performed pr ior  
to the application of full operating voltages. 
applicable both to  the vidicon on the camera  in 2. 2.  3 and to the functional 
checkout of the subassembly af ter  its removal  f r o m  the camera,  consis ts  of 
a thorough res i s tance  check f o r  shor t s  and application of low voltages to  
ascer ta in  circuit  responses .  On completion of these  prel iminary tes ts ,  the 
vidicon i s  ready either for  the system tes t  discussed in 2.  2 .4  o r  the func- 
tional tes t s  a t  the subassembly level descr ibed below. 
This t e s t  phase, which is  
E 
Functional Performance Measurements .  Measurements  of key 
functional parameters  and vidicon performance charac te r i s t ics  will be made 
in accordance with Surveyor program procedures .  
given in Vidicon Tes t  Evaluation Report  No. 988925-1, S /N 5133754. A 
brief summary is  given below, indicating the lunar environmental effects 
that a r e  expected to  influence tes t  resu l t s  and the expected performance 
variations.  
Detailed information i s  
W 
Visual inspection will have provided initial data on effects of lunar 
tempera ture  cycling and high energy radiation on optical and thermal  
charac te r i s t ics .  
insulating mater ia ls ,  a s  affected by exposure to vacuum, the rma l  cycling, 
and high energy radiation. 
content resulting f rom the prolonged lunar exposure to vacuum and thermal  
cycling. 
Leakage t e s t s  will have determined the condition of the 
The gas  ra t io  tes t  willhave determined gas  
The first functional t e s t  to be performed will  be measurement  of the 
electron gun t ransfer  charac te r i s t ics  curve, ib ve r sus  Eg. 
help a s s e s s  the conditions of the cathode a s  influenced by the g a s  content of 
the vidicon tube. 
measurements  may be repeated, a s  required.  
This tes t  will 
At  this  t ime, leakage measurements  and g a s  ratio 
The next functional t e s t  is determination of beam curren t  cutoff. 
Results of this  tes t  will depend on electron gun spacing a s  affected by 
thermal  cycling. 
The main functional system tests ,  including the generation of tes t  
Next, 
patterns,  will  be performed next. Distortion will be measured  to  a s s e s s  the 
alignment of the tube elements as  affected by tempera ture  cycling. 
the following tes t s  will be performed t o  determine photoconductor conditions 
a s  affected by thermal  cycling: 
a 
0 Video-to-dark ratio 
0 Spectral  distribution 
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0 Erasure  character is t ics  
0 Gamma rat io  (relative change in  signal current  divided by 
relative illumination change) 
Vidicon resolution character is t ics  will be measured  next, followed 
by shading tes t s ;  these will further contribute to  assessment  of the effect 
of temperature  cycling on the alignment of the tube elements and on the 
photo conduct0 r condition. 
Assessment  of lunar exposure effects will be facilitated by available 
An example of a tes t  document is Hughes 
data f r o m  exhaustive testing on this vidicon before and after incorporation 
into the Surveyor 111 TV camera .  
Standard Control Document No. 988937, pages 1 through 26. 
Components and Materials Tes ts .  Following the completion of 
functional tests,  o r  ear l ie r ,  the vidicon will be disassembled under c a r e -  
fully controlled conditions, with expert component engineer s present.  
Detailed tes t s  in the Components and Materials Laboratory will then be 
conducted. 
The vidicon contains many elements and components not found e l se-  
where in  the camera.  For  example, the photoconductor contains arsenic,  
selenium, and antimony trisulfide. 
Facil i t ies.  
vidicon t e s t s  a re :  
A.mong the facilities required for  the performance of the 
0 Vidicon parameter  tes t  se t  
0 Cryogenk cycling equipment 
0 X-ray diffraction apparatus 
The vidicon parameter  tes t  (Figure 2 - 1 0 )  i s  a special t e s t  console 
t ransfer red  to  Jet  Propulsion Laboratories on completion of the Surveyor 
program. 
to JPL. 
itie s a r e  available a t  Hughes. 
The cryogenic cycling equipment (Figure 2-11) was a l so  t ransfer red  
This equipment w i l l  have to  be sent to Hughes. The remaining faci l -  
Vidicon cryogenic testing can be accomplished utilizing this tempera-  
ture  chamber and automatic cycle programmer .  
-185O to 204OC with an  accuracy of *O. 14OC. 
a heater assembly to prevent fogging a t  low temperatures ,  permitting visual 
observation of tes t  p rogress .  
temperature  changes with automatic switching to succeeding par ts  of the 
cycle. 
necessary and can be accomplished. 
Temperature  l imits a r e  
The viewing window contains 
The programmer  affords 0.5' to 140C/min 
Extension of the lower temperature  l imits of this equipment may be 
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Figure 2 - 1 0 .  Vidicon Pa rame te r  Tes t  Set 
(Photo R l l O 8 6 )  
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Figure 2 -  1 1 .  Cryogenic Cycling Apparatus 
(Photo R 1 1085) 
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F i g u r e  2 -12 .  X - R a y  D i f f r a c t i o n  A p p a r a t u s  
(Photo 9 0 3 9 ’ 7 - 1 5 )  
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The X-ray diffraction apparatus (Figure 2 -12)  will be used fo r  
studying changes in the composition of the crystal  s t ructure  of the vidicon 
photoconductor and other cr i t ical  mater ia ls .  
2 .  2 .  7.4 Electr ical  Connectors 
The TV camera  has  four Microdot 43 se r i e s  connectors. Three  a r e  
at the bottom of the camera,  two f o r  the cables connecting the camera  
assembly with the r e s t  of the spacecraft  and carrying control, power, and 
data signals and the third f o r  connecting the lower par t  of the camera  with 
TV m i r r o r  assembly at  the top. 
other end of this cable a t  the mirror assembly. There  a r e  no other 
connectors inside the camera ;  a l l  internal connections a r e  soldered. 
The fourth Microdot connector i s  at  the 
The effect of long-term exposure in the lunar environment on these 
Microdot connectors is of major  interest .  
of cold welding between contacts will be uncovered, that mater ia l  degrada-  
tion may be observed, and that the general  condition of contacts may have 
changed. 
connector contacts during the Surveyor tes t  program; pin retention t e s t s  
constituted one of the important a r e a s  of concern. 
It i s  expected that some evidence 
Extensive data i s  available on measurements  of microdot 
It i s  expected that at  least  three i f  not a l l  four of the connectors will 
have been uncoupled in the course of the system t e s t  and functional t e s t s  
discussed previously. 
f i r s t  t o  remove the lower shroud and la te r  t o  perform functional tes ts .  
upper connector a t  the m i r r o r  assembly may o r  may not have been uncoupled, 
depending on whether the TV cable was severed during the removal opera-  
tions on the lunar surface.  
this cable ra ther  than removing the clamp that attaches it t o  the spaceframe, 
then it will be necessary t o  uncouple this  fourth connector f rom the mirror 
assembly t o  provide tes t  access  fo r  i t s  checkout. 
on the assumption that th ree  connectors will be uncoupled and the fourth left 
in i t s  mated condition until i t s  final removal and t ransfer  t o  the Components 
and Materials Laboratory fo r  analysis.  If the la t ter  assumption i s  not true,  
the tes t  procedure will rever t  t o  that described for  the other th ree  
connectors. 
The three bottom connectors have to be uncoupled, 
The 
If removal  f rom the spacecraft required cutting 
The tes t  program i s  based 
In any event, a s  a f i r s t  i tem of this tes t  plan, it will be mandatory 
to  keep the Microdot connectors a s  pairs ,  properly identified. Upon final 
removal f rom the spacecraft, each connector. should, if possible, have a 
minimum cable length of 3 inches extending f rom the connector assembly. 
Initial Examination. A t  the t ime of the original unmating, whether 
on the spacecraft o r  in the laboratory, a careful visual inspection should be 
performed, followed by a systematic and controlled unmating procedure. 
The unmating procedure should include careful examination, microscopic 
i f  possible, of mating surfaces f o r  evidence of cold welding and other degra-  
dation, a s  well a s  measurement  of torques required f o r  unmating. 
receipt by the Components and Materials Laboratories, e lectr ical  and 
mechanical t e s t s  a s  described below should be conducted. . 
Upon 
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Electr ical  Tes ts .  Contact res i s tance  should be checked on al l  
contact pa i r s  before unmating for  the mated connectors (if any), and upon 
f i r s t  re-mating of a l l  connectors which a r r ive  unmated in pairs .  
ments should be made between all contacts and between contacts and the 
shell. These electr ical  measurements  should be performed initially, a s  
well a s  a f t e r  each successive unmating/re-mating operation descr ibed below. 
Dielectric 
res is tance measurements  should be performed.  Breakdown voltage measu re  - -? 
Mechanical Tes ts .  Careful microscopic  examination of the mating 
surface should be conducted f o r  any evidence of cold welding. 
connectors, this will be essentially a repetition of previous t e s t s  a t  the TY 
camera .  
the initial unmating. 
should be conducted on a l l  connector pa i r s  (at  least  five t imes )  and the 
forces  measured.  
after each of these engagement operations.  
F o r  unmated 
F o r  mated connectors, this tes t  can be carefully conducted during 
Repeated controlled engagement and disengagement 
The electr ical  t e s t s  descr ibed above should be repeated 
It i s  a lso recommended that careful  pin retention tes ts ,  using 
Surveyor pin retention tools, be performed, but the advisability of and . 
specific procedure for  doing so a r e  contingent on the resu l t s  of the initial 
visual inspection and the judgment of personnel involved in evaluation. 
I 
1 
Results of these tes t s  will be a s ses sed  and requirements  for  addi- 
tional mechanical and electr ical  t e s t s  of the connectors determined p r io r  to  
complete di sa  s s embly . 
Tes t s  of Disassembled Connectors. The connectors w i l l  be 
Degradation of dielectric will then be 
disassembled completely, and the bond between the meta l  and the dial-  
lylphthalate inser t  will be analyzed. 
measured  as  follows: 
IC 
0 Specific gravity of g lass  filled with diallylphthalate removed 
f rom the connector will be measured;  this  will be compared with 
specific gravity measurement  of similar mater ia l  which had not 
be exposed to the space environment. 
0 Outgassing of the vitron O-r ings will  be  measured with a m a s s  
spec tog r aph . 
Facili t ies.  A l l  facilities required f o r  these  tes ts ,  including torque 
wrench, microscope, m a s s  spectrograph, and pin retention tool, a r e  
readily available. 
2. 2. 7 .  5 Thermal  Switch 
The TV camera  contains a thermostat ic  switch, par t  No. 988320-2 .  
Upon removal  f rom the camera  this switch will be examined t o  determine the 8 
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effects of prolonged vacuum and extreme thermal  cycling on the functional 
charac te r i s t ics  of the mater ia l s  utilized in its fabrication. 
the following specific data will be obtained: 
In par t icular ,  
0 The integrity of the hermet ic  seal  will be examined and verified.  
0 The susceptability of ma te r i a l  and construction utilized in the 
actuating mechanism will  be determined. 
The degradation of functional charac te r i s t ics  caused by prolonged 
environmental ex t remes  will be measured.  
Any excess  corrosion o r  decomposition of the electr ical  contact 
surfaces,  conducting members ,  o r  housing will be examined by 
destructive t e  sting. 
Tes t  Procedure.  The switch will be subjected to a fine leakage tes t  
by forcing helium under p r e s s u r e  into the case  and then detecting any leakage 
f rom the switch in an evacuated chamber.  
actuating mechanism, o r  any g ross  physical damage, will be detected by 
X-ray examination of the switch. 
Cold welding of contacts and 
The sw.itch will be subjected to  temperature  cycling between - 10' F 
The electr ical  contacts will be monitored to detect contact to t25"F .  
actuation. Actuation temperatures ,  both before and after launch, will be 
compared for changes. 
Switches will be destructively disassembled in o r d e r  to visually 
examine contact surfaces ,  e lectr ical  members ,  and housing for  evidence of 
corrosion o r  decomposition. Chemical and metallurgical t es t s  will then be 
conducted to  determine any mater ia l  changes. 
Facil i t ies.  A l l  required facilities a r e  available in the Hughes Com- 
ponents and Mater ia ls  Laboratory.  
2. 2 .  7 . 6  Diodes and Trans is tors  
The semiconductor components contained in the T V  camera  comprise  
broad ranges of devices available for  analysis.  
switches, zene r s ,  and tempera ture  compensated units. Trans is tor  types 
Diode types include fast 
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vary  from small  signal through power devices and include special  low 
VCE(sats) and matched pairs.  
a r e  glass  diode, TO18s, T05s and 7/16 inch hex packages. 
Fur thermore ,  among the package variations 
T 
These components have been in  a lunar environment for approximately 
2-1/2 years.  
under these conditions would be purging of the backfill mater ia l  in  a vacuum 
environment; glass c racks ,  sea l  breakdowns, loose chips, and f rac ture  of 
chips due to the temperature  cycling; embrit t lement and chemical reactions 
in bonds as a resu l t  of low temperature  exposure; undesirable intermetall ics 
and parameter  dr i f t  of leakages and betas caused by high temperature  
expo sure. 
A few of the possible failure modes that might be expected 
The test  plan presented h e r e  applies generally to all diodes and 
t rans is tors  of the TV c a m e r a  and represents  a summary  of extensive 
procedures and long experience in performing such tes ts  in  the Components 
and Materials Laboratory. This plan therefore constitutes the basis for  
planning and conduct of specific tests.  The choice of specific diodes and 
t rans is tors  to be tested will be determined in the course of the test program 
and wi l l  include representative samples of each type, a s  well as specific 
diodes and t rans is tors  that may have exhibited failure in  preceding tests.  
Visual, e lectr ical ,  and mechanical tes t s  and analyses will be con- 
ducted on these selected components. 
exposure will be identified and investigated. 
unexposed components wi l l  be conducted to obtain data for comparison; tes t s  
wi l l  be set  up to simulate the temperature  cycling and other lunar environ- 
mental  effects. In addition to standard diagnostic tes t s ,  therefore,  failure 
mode analysis described in  2. 2. 7. 1 will be performed. 
Changes and/or failures due to lunar 
Concurrent tes t s  of similar 
Handling Requirements. Upon completion of the systems test and 
after particular devices h.ave been selected, it is recommended that the 
II 
printed circui t  boards be transported intact to the Components Department. 
Fur thermore ,  the boards should be car r ied  in a closed plastic box and 
should not have been previously handled without protective gloves. 
Next, selected components w i l l  be removed f rom the board and placed 
in individual closed plastic containers. 
the device type, par t  number,  location on the board o r  symbol number,  
ings on the component itself. All of. this work a s  well a s  an  external 
visual check wi l l  be done in  a laminar flow bench. 
Each container wi l l  be marked with 
means of extraction (i. e. cut leads,  unsoldered, etc.  ), date, and all mark- 1 
Throughout the t e s t  program, the devices will remain in o r  with 
their  individual containers. 
performed in a normal  laboratory environment. 
visual check, the devices will be opened and examined in a laminar flow 
Electr ical  and mechanical testing w i l l  be 
F o r  the concluding internal 
w 
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bench. If, as a result, a more detailed visual is  required, the components 
wi l l  have to be examined on equipment in a laboratory environment. In all 
cases, protective gloves wi l l  be used for  handling. 
Testing Procedures. The first test wi l l  consist of a detailed visual 
analysis of the surfaces with particular attention to the condition of the 
markings and paint, glass cracks, gold flaking, and all visible seals and 
joints. 
Reichert microscope and/or a scanning electron microscope (SEM). 
Any evidence of anomalies wi l l  be explored further utilizing a 
Next an electrical analysis of each component w i l l  be conducted. 
This analysis w i l l  consist of testing the devices to their specification 
requirements, comparing the results with those of preflight test data, and 
categorizing the devices as fol lows:  1) within spec limits, very little 
drift; 2) within spec limits, excessive d r i f t  one o r  more parameters; 
3) outside spec limits; and 4) functional catastrophic failures. 
parameters wi l l  be tested because some devices were selected for  critical 
parameters, e .  g. , matching characteristics and temperature coefficients. 
However, special emphasis wi l l  be placed on parameters known to be . 
especially sensitive to radiation such as leakage currents, betas; and 
saturation voltages. In addition, complete voltage-current curves wi l l  be 
taken and recorded on diode and transistor samples to determine the 
possibilities of abnormal reactions. 
All spec 
Samples of each of the four categories that do not exhibit evidence 
of seal failure wi l l  then be subjected to a fine leak hermeticity test. 
devices that fail (category 4) w i l l  then undergo a complete failure analysis 
in accordance with existing Component Department procedures. 
the device i s  electrically and mechanically tested, X-rayed, and tested f o r  
hermeticity to verify and isolate the failure. 
further and a test plan designed to determine the cause of failure. This 
usually requires opening the part. The device can be examined visually, 
probed electrically, etc. Depending on the type of failure, therefore, 
facilities and techniques utilized may include X-rays, SEM, microprobe 
analysis, material analysis, and sectioning. 
All 
In general, 
The information i s  reviewed 
Samples of the first three categories wil1,be X-rayed and then sub- 
jected to acceleration, vibration, and shock tests, in that order. The 
vibration test wi l l  be monitored and X-rays taken after acceleration and 
shock. Upon completion, fine leak testing wi l l  be repeated. These 
mechanical tests wi l l  be conducted to determine any embrittlement of the 
leads, joints, o r  package parts. 
Sample transistors that show no evidence of failure and have not 
been leak tested wi l l  be opened in a vacuum chamber connected to a mass 
spectrometer, utilizing control samples from the same manufacturer. 
Finally, a11 devices wi l l  be opened and visually examined for  effects on 
metallization and other dice surfaces, leads and bonds, and dice bonds. 
Facilities. All necessary facilities are  available fo r  this analysis 
and include a clean room as well as, associated microscopes and laminar 
f low benches. In addition, the electronics test laboratory, environmental 
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t e s t  laboratory, and failure analysis facility w i l l  be utilized. Finally, it is 
planned that the facilities and equipment of the Hughes Research  Laborator ies  
at Malibu - i n  particular,  the SEM facility - w i l l  be used where required. 
Supporting Documentation. Documents to be reviewed during this 
program w i l l  include procurement documents, failure analysis repor t s ,  and 
preflight test data. 
lists the electr ical  parameter  performance requirements.  
type re t r ieva l  system w i l l  be used to collect all available information on 
fai lures  of the selected components previously reported and analyzed by 
Hughes as we l l  as any ALERTS issued against the part. Finally, the p re -  , 
flight tes t  data will be used a s  a comparison to determine parameter  dr i f t s  
of the devices. 
The procurement document defines the component and 
A failure by pa r t  
2. 2. 7. 7 Magnetic Components 
? 
ts 
The TV camera  contains magnetic components, ei ther epoxy 
impregnated o r  encapsulated. 
deterioration of the physical propert ies  of the epoxy - are of interest .  
t es t  program described below is intended to provide this information. 
The effects of lunar exposure - in  particular,  
The 
The magnetic devices utilized in  the TV camera  assembly which a r e  l%i 
recommended for  this postflight examination are the following: 
0 988405-15 and 988405-23 toroidally wound 10 millihenry chokes 
encapsulated in a plastic case  
988406-6 toroidally wound 250 microhenry choke encapsulated 
in a plastic case 
988410-9 toroidally wound 13 winding saturable t ransformer  
encapsulated in a plastic case 
988426- 1 shielded epoxy encapsulated deflection coil 
If at a l l  possible, it i s  important to maintain these components in 
a low humidity environment pr ior  t o  and during tes t .  
expected to be returned in a controlled humidity environment by providing 
a desiccant i n  its container. 
to  the magnetics analysis laboratory should also be in a desiccant-controlled 
container. 
The TV camera  i s  
The clean room testing environment must also 
be humidity controlled. Transportation of the removed magnetic components I 
Tests  P r i o r  to Removal F r o m  Camera. The electr ic  parameters  - -  
inductance, excitation current ,  and co re  loss  - -  should ideally be measured 
pr ior  to the application of power. Attempts should be made to do so during 
the system t e s t  phase. 
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c 
ic 
A complete visual examination of the magnetic component should 
be made prior to its removal from the chassis. 
include the following: 
This examination should 
0 Identification of each device by means of the serial number 
assigned during initial fabrication. 
0 Verification of the location of each device by photographic 
means. 
0 Visual examination of exposed surfaces of each device under 
magnification to uncover any apparent anomalies (cracking, 
crazing, discoloration, etc. ). 
Each magnetic component should then be mechanically removed from 
its chassis. 
thermal o r  mechanical stresses. 
require special attention. 
left attached to the part. If that is not possible, then the parts should be 
chemically removed taking care to minimize the area of application of the 
solution. 
Extreme care should be taken to prevent application of any 
Devices that are  bonded to the chassis 
If possible, that portion of the chassis should be 
Tests of Removed M.agnetic Components. Upon arrival at  the 
Components and Materials Laboratory, a complete visual examination wi l l  
be performed of each part. Each surface of the magnetic component wi l l  be 
photographed. Surfaces affected by chemical solvents during removal from 
the chassis wi l l  be identified. Each device w i l l  be carefully examined under 
magnification.' Each device w i l l  be X-rayed in three perpendicular planes. 
A complete electrical checkout of each device wi l l  then be performed. 
These tests w i l l  be conducted in accordance with the requirements of each 
applicable specification. This test procedure is  outlined as follows in the 
recommended sequence to be followed: 
0 
0 
0 
0 
0 '  
No-load tests wi l l  be conducted. The excitation current, core 
loss, and/or inductance under the conditions specified in  the 
applicable specification wi l l  be measured. 
The dc resistance of each winding w i l l  be measured with a 
Ke lvin bridge. 
The turns ratios as specified wi l l  be measured. 
The test data wi l l  be analyzed to determine i f  further testing i s  
required. 
If no further parametric testing i s  required, the insulation resis-  
tance wi l l  be measured and ohmic values recorded. 
Test data w i l l  be obtained from the manufacturer regarding all 
electrical parameter measurements made during the initial. acce ptanc e 
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testing. 
assessment of any deterioration. 
This information wi l l  assist in the identification of changes and 
Destructive Tests and Analysis. Upon completion of the electrical 
tests, each device w i l l  be sectioned in such a way that sufficient quantities 
of the encapsulation material, magnet wire, and core  material wi l l  be 
available f o r  further analysis. The following tests wi l l  then be conducted. 
Epoxy encapsulation material wi l l  be given to  personnel of the 
Materials Techno logy De par tment f o r  electrical, mechanical, and chemic a1 
analysis. This analysis wi l l  determine, among other properties: the 
dielectric constant, volume resistivity, dissipation factor, dielectric 
strength, hardness, flex, tensile stress,  tensile and flex modulus, chemical 
degradation, and infrared effects. E! 
Magnet wire w i l l  be examined to  determine what, if any, degradation 
has occurred to the wire o r  insulation. 
determine what, i f  any, degradation has occurred to the physical and 
magnetic proper ties. 
Core material wi l l  be evaluated to 
Facilities. Al l  required equipment and facilities are  available at 
Hughes. 
2.2. 7. 8 Resistors and Capacitors 
The TV camera has a variety of resistors and capacitors. 
plete listing and description is presented in  Tables 2-1 and 2-2. . The 
test program is  structured to emphasize the determination of lunar environ- 
mental effects on electrical and mechanical properties and on the materials 
involved. 
A com- 
Samples wi l l  be selected from the list of resistors and capacitors in 
Tables 2-1 and 2 - 2  
test. 
failed, o r  appear to have failed, as gleaned from the previous tests f o r  
the TV camera at the system and subassembiy levels. These tests wi l l  
include a complete failure mode analysis, per 2. 2. 7. 2. 
f o r  test and analysis, one o r  more samples f o r  each 
In addition, special attention w i l l  be given to components that have 
Among the effects that may be anticipated as a result of 2-1/2 years 
of exposure t o  the lunar environment, entailing in  excess of 30 thermal 
cycles over a temperature spread of some 500"F,  a re  stresses that might 
cause separations at the interfaces between dielectric materials and the 
metal electrodes. Similar effects may arise between resistive elements 
and the interconnections, and between resistive films and the substrates. 
The vacuum existing on the lunar surface would be expected to change the 
composition of the encapsulants, and thus their mechanical and electrical 
properties. 
limation of the lead-tin alloy. Thermal cycling of the metal-to-glass seals 
might result in failure of the bond between the metal and the glass, and the 
glass might devitrify. 
subjected to stress-cycling that may result in metallographic changes. 
resistance wire, for example, this might result in  a d r i f t  of the resistance. 
The solder seals of components might be destroyed by sub- 
It i s  also expected that some of the metals wi l l  be 
In 
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TABLE 2- 1. LIST O F  RESISTORS ON SURVEYOR 111 TV CAMERA 
Part No. 
98860 1 -X 
98860 2 - X 
908604-X 
988610-X 
9886 11 - X  
98861 2 -X 
988620-X 
988637-X 
988640 -X’ 
988653-X 
Supplier 
Allen - Bradley 
Allen- Bradley 
, Allen-Bradley 
TI 
TI 
TI 
Allen - Bradley 
Sage 
Daven and Ultronix 
Rosemount and RdF  Gorp. 
De scription 
Fixed carbon composition 
r e s i s to r ,  0.25 watt, axial lead, 
nonhermetic case 
Fixed carbon composition 
r e s i s to r ,  0. 5 watt,axial lead, 
nonhermetic case  
Fixed carbon composition 
r e s i s t o r ,  2.0 watt, axial lead, 
nonhermetic case 
Fixed carbon f i lm re s i s to r ,  
125 wat t ,  axial lead, g lass  
case ,  he rme t i c  seal 
Fixed carbon film res i s to r ,  
25 wat t ,  axial lead, g lass  
case ,  he rme t i c  seal 
Fixed carbon f i lm re s i s to r ,  
1 wat t ,  axial lead, g lass  case,  
he rme t i c  seal 
Fixed metal f i lm re s i s to r ,  
0.25 watt, axial lead, ce ramic  
case ,  hermetic seal 
Fixed wirewound r e s i s to r ,  
2 watt, axial lead, nonhermetic 
case  
Fixed wirewound r e s i s to r  
(precision),  0. 125 watt, axial 
lead, nonhermetic case 
Fixed thermal r e s i s to r ,  
platinum, tempera ture  
sensing, rad ia l  lead 
2-73 
TABLE 2-2 .  LIST O F  CAPACITORS ON SURVEYOR 111 TV CAMERA 
Supplier P a r t  No. I
988500-X 
98850 1 -X 
988502-X 
988503 -X 
988504-X 
Description 
Keme t Company, 
Cleveland, Ohio 
Sprague Electr ic  
Electro Motive 
Manufacturing Co. 
Corning Glass Works 
Vitramon Inc. 
Capacitor, fixed electrolytic, 
tantalum, s o l i d  electrolyte, 
hermetically sealed metallic 
tubular case,  axial leads 
C a pac it o r , fixe d , m e t  alliz e d 
paper dielectric, hermetical ly  
sealed metallic tubular case,  
axial 
Capacitor, fixed, s i lver  e d 
mica dielectric, mineral  
filled, phenolic coating, 
vacuum impregnate d 
with epoxy resin,  radial  
le ads 
Capacitor, fixed, glass  
dielectric and case,  aluminum 
electrodes,  axial leads 
Capacitor, fixed, ceramic  
dielectric, mono lithic 
construction, plastic 
encased, radial  leads 
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P 
f 
The 2-1/2 year  period also represents  a prolonged shelf life that 
Measurements  of these may resu l t  in the dr i f t  of e lectr ical  parameters.  
parameters ,  together with knowledge of their  original values, w i l l  provide 
important information on shelf stability. 
Procedure  and Handling Requirements Prior to Removal. It i s  
extremelv important to  motec t  the r e s i s to r s  and capacitors from the effects 
of humidity a i  all t imes I n  order  to prevent the absorption of moisture  by 
non-hermetically- sealed parts. Plans for  this have already been discus sed 
in 2. 2. 7.7; similar precautions should be observed here ,  including t ransfer  
of all  capacitors and r e s i s t o r s  in sealed containers with desiccants. 
P r io r  to their  removal,  all par t s  should be identified by photograph- 
ing their  a r e a s  on the chassis  and identifying the precise  locations f rom 
which they have been removed. 
before and after removal. 
without excessive thermal  o r  mechanical shocks. 
i s  str ictly prohibited. 
Careful inspection should be conducted 
Removal mus t  be performed by mechanical means 
The use of soldering i rons  
Each par t  w i l l  be identified and serialized. 
Initial Examination and Test. Upon receipt  a t  the Components' and 
Materials Laboratory, a thorough visual examination wi l l  be performed on 
all  par ts ,  using a microscope. All surfaces  should be examined for  
cracking, crazing, discoloration, metall ic corrosion,  and deplating. Photo - 
graphs w i l l  be taken of all unusual findings. 
All components w i l l  be X-rayed in three perpendicular planes before 
and after the electr ical  measurements  described below. 
Electr ical  and Fai lure  Analysis Tests. The electr ical  t e s t s  pe r -  
formed on the capacitors and r e s i s to r s  fall in two categories: 1) standard 
tes ts  detailed in  Hughes procurement specifications and 2) additional tes t s  
required f o r  analysis of specific fa i lures  o r  significant parametr ic  changes 
that may have been uncovered. 
Standard t e s t s  include tlie following: 
Capacitors Re s i  s to r s 
Capacitance R e s i  stance 
Dissipation factor Noise level 
DC leakage Insulation resis tance 
Insulation resis tance Temperature  coefficient 
The additional t e s t s  required wi l l  depend on circumstances,  P r o -  
cedures  wil l  therefore vary. The following description summarize s the 
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various procedures available for  these tests and provides the basis f o r  
judgment and selection to meet test requirements, as  they arise. 
1 )  Tantalum Solid Electrolyte Capacitors 
If the capacitors are not energized in  the camera before 
the standard tests are  made (which may happen i f  the 
camera i s  not operational), a leakage current curve versus 
time wi l l  be determined accurately using rated voltages. 
Capacitance and dissipation factor versus frequency up t o ,  
10 kHz w i l l  be measured to  establish whether the contact 
resistance between the conductive layers making contact 
to the case has been affected. 
tested f o r  comparison. 
New capacitors w i l l  be 
Complete current-voltage curves wi l l  be measured at 
25,  85, and 125°C. 
In the event the seal i s  intact, the volume of air wi l l  be 
measured. 
an immersion test. 
The tightness of the seal wi l l  be determined by 
A representative unit wi l l  be heated under vacuum with 
seals open and its capacitance measured to establish whether 
there i s  any residual moisture in  the unit. 
Electrical breakdown of the mylar sleeve wi l l  be determined. 
The glass seal wi l l  be examined for  fine cracks o r  separation 
at the metal-to-glass seal. 
evidence of devitrification. 
Glass will be examined f o r  
A metallographic analysis w i l l  be performed of the solder 
from the seal and the Sn and P b  content w i l l  be determined. 
The mylar wi l l  be tested to  determine the average molecular 
weight of the polymer. This w i l l  be compared with standard 
material. 
2) Glass Capacitors 
a) The temperature retrace characteristic of capacitance w i l l  
be measured. 
b) The ac corona inception voltage w i l l  be measured and com- 
pared to  earth samples. 
c )  Breakdown voltage w i l l  be measured. 
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d) Determination w i l l  be made whether the bond between the 
glass and the lead has separated. 
Determination wi l l  be made whether there is a bond between 
the glass dielectric and the aluminum electrode. 
e) 
f) It wi l l  be determined whether the glass shows devitrification. 
3) Ceramic Capacitors 
a) Retrace characteristics of capacitance with temperature 
w i l l  be measured. 
b) Resistance to  humidity wi l l  be measured. 
c) Breakdown voltage wi l l  be determined. 
d) Metallographic examination of Dumet wire wi l l  be made. 
e) It w i l l  be determined whether separation has occurred 
between electrodes and the ceramic dielectric. 
f )  Hardness measurement of encapsulant wi l l  be made and 
the bond between the ceramic and the encapsulant w i l l  be 
examined. 
4) Metallized Paper Capac5tors 
a) The capacitance and dissipation factor versus temperature 
wi l l  be measured. 
b) Scintillation voltage wil l  be measured. 
c) Air  pressure inside the case w i l l  be determined and cor- 
related with breakdown voltage, i f  the seal is good. 
d) It wi l l  be determined whether the bond between the metal- 
lized ends and the capacitor r o l l  has been affected. 
5 )  Mica Capacitors 
a) Retrace characteristics of capacitance with temperature 
wi l l  be measured. 
b) Resistance to humidity wi l l  be determined. 
6 )  ' Carbon Film Resistors 
a) Resistance as a function of temperature wi l l  be measured 
and retrace characteristics checked. 
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b) Terminations of carbon film wi l l  be examined f o r  any 
d i  s continuity. 
c) Outgassing of carbon film wi l l  be measured with a mass 
spectrometer. 
d) It w i l l  be determined whether separation has occurred 
between carbon film and ceramic tube. 
7) Metal Film Resistors 
a) Resistance wi l l  be measured as a function of temperature ' 
and retrace characteristics checked. 
b) Adhesion of the metal film t o  the substrate w i l l  be 
deter mined. 
c) The X-ray diffraction pattern of the metal film wi l l  be 
determined. 
8) Wire Wound Resistors 
a) Resistance as a function of temperature wi l l  be measured 
and retrace characteristics checked. 
b) A metallographic examination of resistance wire wi l l  be 
made. 
9) Platinum Wire Sensor 
a) 
b) 
Calibration points wi l l  be measured. 
Strain gage effect w i l l  be measured. 
c) Insulation resistance wi l l  be measured. 
d) Thermal time constant wi l l  be determined. 
Facilities. The facilities required fo r  the tests described in  this 
section a re  all available at  Hughes. 
major items: 
These facilities include the following 
0 Microscope 
0 Metallographic micros cope 
0 Equipment fo r  preparation of metallographic sections 
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Capacitance and res i s tance  bridges 
0 Ovens 
0 Recorders  
o X-ray diffraction equipment 
0 X-ray  radiographic equipment 
0 Mass spectrograph 
Evaluation and Documentation. Evaluation constitutes a very  
important par t  of the t e s t  plan, since continuous r eas ses smen t  is required 
t o  determine the need f o r  and the validity of subsequent tes t  phases. This 
evaluation depends significantly on availability of data on past h i s tory  of 
the Surveyor components and comparison data on s imi la r  par t s  that were 
not exposed to lunar environment. 
Available Surveyor documents wil l  mater ia l ly  a s s i s t  in  this process.  
All  pr ior  data in identification and traceabili ty r eco rds  shall be ret r ieved 
f o r  this purpose, including qualification, burn-in, and acceptance t e s t  
records.  
After the main e lec t r ica l  parameters  have been measured, it wi l l  
be necessary  to exercise  some judgment as  to whether it i s  desirable to 
repeat  burn-in .tests. 
be desirable  to add other tes ts ,  such as an examination of the deposited 
resis tance fi lm on the scanning electron microscope. 
wi l l  be indicated by some of the findings. 
Depending on'the resu l t s  of fa i lure  analysis,  it may 
Other chemical tes ts  
Par t icular  effort w i l l  be made throughout this tes t  program to deter-  
mine whether changes and fai lures  resulted f r o m  the lunar environment o r  
f r o m  other effects, including the possibility that preceding tes t  operations 
have contributed to these changes. F o r  this reason  alone, d i rec t  involve- 
ment on the par t  of Components and Mater ia ls  Laboratory personnel i n  all 
handling and tes t  phases i s  considered essential. 
2.2. 8 Test  Plan f o r  Materials 
2. 2. 8. 1 Survey, System Test ,  and Dismantling Operations 
These operations w i l l  revea l  the nature of many of the mater ia l s  in  
the TV camera.  In general  both mater ia l s  that have failed and those that 
have survived their lunar experience wil l  be observed. This tes t  plan i s  
designed to  study fai lures  and successes  but to a.different degree. Fig-  
ure  2-13  is a flow diagram of the sequences to  be followed in determining the 
degree to which the various mater ia l s  in  the TV camera  w i l l  be studied. 
a mater ia l  has  not failed, i t s  success  wi l l  be noted and reported. A key 
engineering property of this mater ia l  w i l l  then be selected and tested,  and 
the resu l t s  wi l l  be compared to resu l t s  obtained f o r  the same type of 
If 
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VISUAL SURVEY 
INITIAL 
DURING SYSTEM TEST 
DURING DISMANTLING 
! I I 
1 
RESULTS SHOW RESULTS SHOW 
PERFORMANCE PERFORMANCE 
MARGINAL GOOD 
I 
MATERIAL HAS 
NOT FAILED 
I  
TEST ONLY CRITICAL 
PARAMETER 
l - - - - - l *  
MATERIAL HAS FAILED - MATERIAL HAS FAILED - 
CAUSE NOT OBVIOUS CAUSE OBVIOUS 
CONDUCT FAILURE MINIMUM TESTING 
ANALYSIS INCLUDING I 1 TOVERIFY 
OBSERVATION NECESSARY TESTING 
DESIGNATES CHOICE OF 
ALTERNATE COURSES OF ACTION 
EVALUATION 
PLAN 
F i g u r e  2-13. T V  C a m e r a  M a t e r i a l s  T e s t  P l a n  F low C h a r t  
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material not exposed to the lunar environment. 
wir ing in the TV camera wi l l  probably show no visual damage. 
running a detailed examination of this wire, a test of its dielectric strength 
wi l l  be conducted. 
no additional work  w i l l  be done. 
tested i s  well out of specification value, additional tests would be desirable. 
These tests would be conducted, where necessary, as part of the evaluation 
plan f o r  materials (subsection 2.3.7). 
As an example, insulated 
Instead of 
If the dielectric strength i s  within specification value, 
However, if the engineering property 
If a material has failed and the cause i s  obvious, testing of this 
material wi l l  be minimized. 
surface wi l l  probably be yellowish when returned. 
ultraviolet and low energy proton irradiation. 
would be a reflectance measurement to determine the degree of reflectance 
c h ang e. 
F o r  example, the Si0 coating over the mirror 
This i s  a result of 
The only test necessary 
The major problem faced with materials in  the TV camera are 
failures wher,e the cause i s  not readily evident. F o r  example, adhesive 
joints may have ruptured. Why? The materials originally chosen were 
known to  survive thermal cycling when the joints were freshly made. 
the presence of vacuum in some manner change the adhesive so that i t  could 
not stand the repeated and severe thermal cycling? 
i s  important to this study. 
Did 
This type of question 
In following the test plan set forth in  this subsection, a two-fold 
objective w i l l  be achieved. 
not f o r  long-term spacecraft usage.. Second, the failure mechanism wi l l  be 
determined, leading eventually to materials improvement and increased 
spacecraft r e  liability. 
First ,  materials w i l l  be classed as suitable o r  
The approach taken with the materials in  the TV camera is  somewhat 
different than that f o r  the items returned specifically f o r  materials tests, 
e. g. ,  the white painted tube. 
success or  failure of the material. 
provide the maximum engineering information fo r  a large group of materials 
while keeping program costs and elapsed time at a minimum. 
tainly possible that, as a result of these studies, additional in-depth 
studies of certain materials would appear warranted. 
taken as separate tasks only after a thorough discussion with, and at the 
direction of, NASA. 
These five items wi l l  be tested regardless of 
Hughes believes that this approach wi l l  
It i s  cer- 
These would be under- 
2 .  2 .  8. 2 Materials Testing of TV Camera 
This testing occurs during three phases. The initial survey opera- 
tion is the first phase. 
dismantling, and electrical and mechanical component testing. The pro-  
cedure during this second phase i s  identical to that to be followed during 
the initial survey operations. The third phase of this test plan i s  accom- 
plished after component testing. At this point, individual materials wi l l  
be available f o r  removal from the camera fo r  more complete study. 
next subsections, the three classes of materials to  be studied in phase 3 are 
discussed. These are optical materials, nonmetals, and metals. 
The second phase occurs during the system tests, 
In the 
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2.2. 8. 3 Optical Materials 
The optical mater ia ls  group includes the following items: beryllium 
m i r r o r ,  filters (four) i n  the f i l ter  wheel assembly, and lens assembly. 7 
The m i r r o r  substrate  is beryllium. Over the beryllium, an elec-  
trodeposited nickel plating (Kanigen) is  applied and then polished. 
reflecting surface,  vapor -deposited aluminum, i s  applied over the nickel. 
A coating of S i 0  is  applied over the aluminum. 
The 
Of the four filters in the filter wheel assembly, one w a s  a c lear  , 
neutral  density, one red,  one light yellow and the other blue-green. Each 
color filter had an additional c lear  neutral  density f i l ter  next to it to equalize 
the t ransmission of each fi l ter .  1 
The returned Surveyor TV m i r r o r  will be checked for flatness. The 
thermal  cycling of the moon' s environment may have caused s t r e s s  relieving 
of the beryllium m i r r o r  blank o r  its Kanigen coating. 
have been plastic deformation of the m i r r o r  by s t r e s s e s  f rom the bimetallic 
action of the Kanigen coating o r  res idual  stress that w a s  i n  the Kanigen, as  
plated. To perform these flatness measurements ,  Hughes has  three facil i-  
t ies:  
source,  a Davidson Fizeau-type interferometer  and a Timely Laboratory 
unequal path length l a se r  interferometer.  
be used as it is on a 5 foot by 9 foot granite surface plate that has a 32 inch 
diameter,  two degree of freedom, precision turntable. The entire TV 
m i r r o r  hood would be mounted on the turntable so that flatness measurements  
could be made w i t h  the m i r r o r  at various elevation angles and before any 
of i ts  mountings had been disturbed. 
recorded on film with the in te r fe rometer ' s  4 by 5 inch Graphex camera.  
Also, there  could 
a modified Twgman-Green interferometer  with an HE-NE laser  light 'I 
The Timely interferometer  would 
All these measurements  would be 
After these measurements ,  the m i r r o r  would be removed f rom the 
hood and additional f latness measurements  made to determine i f  the hood 
was torquing the mi r ro r .  Then, the m i r r o r  trunnions would be removed 
to determine their  contribution to the m i r r o r ' s  distortion. oThe above 
measurements  can be made to an  accuracy of X/10 at 6328A. 
Even if  the m i r r o r ' s  surface is too rough and pitted for  a conventional 
interferometer  measu repen t ,  the above tests can be performed to an 
accuracy of X / 4  at 6328 A using an existing Hughes holographic t e s t  facility. _I 
The reflectance of the m i r r o r  would be measured to determine 
if the partially oxidized silicon monoxide ( S O )  overcoating o r  the aluminum 
coating has changed. The m i r r o r  would be measured in  the visible spectral  
region by a Gary Model 14 o r  a Beckman DK-2 spectrophotometer and in the 
infrared by Beckman IR-12 and a Perkin-Elmer Model 21. This combination 
of instruments can measure  spectral  character is t ics  f r o m  0. 2 to 50 microns. 
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With these spectrophotometers, the transmittance of the fi l ters in  
the filter wheel can be measured and compared with their original curves to 
determine any changes caused by the space environment. 
Since the mirror and, to  some extent, the filter wheel a re  exposed 
t o  micrometeroids, scattered light measurements would be made on these 
elements. Hughes has an extensive facility that can measure light scattered 
by a surface o r  transparent substrate as a function of wavelength, angle of 
incidence, and viewing angle to values as  low as 0.01 percent of the incident 
power. This facility consists of a 12 inch collimator mounted on a 4 by 
12 foot  air-cushioned granite surface plate in a clean room class 10,000 
enivo rnment. 
Fo r  the zoom lens, it is  felt that the elements a re  sufficiently 
protected s o  that they w i l l  not have degraded; however, the lens elements 
should be visually inspected and the resolution at various zoom positions 
checked. This w i l l  be done on the Optical Engineering optical bench using 
standard Air  Force resolution charts. To determine i f  any vapors have con- 
densed on the surface of the lens elements, the transmittance of the lens 
w i l l  be measured using a Gamma Scientific diffuse light source and an 'EGG 
spectral radiometer. 
the focal plane, small angle scattering measurements may be made on 
special collimator line spread function measurement apparatus developed by 
Hughe s. 
To find out i f  fine particles a re  scattering light into 
For all the above measurements, Surveyor components that were 
not f lown will also be measured for  comparison and the data compared with 
previous work.'::: 
2.2. 8. 4 Nonmetallic Materials 
The nonmetallic materials within the TV camera a re  numerous. 
These include potting compounds, adhesives, wire insulation, circuit boards, 
and foamed insulation. Teflon film, used fo r  insulation, and conformal 
coatings a re  also found, as well as an organic black paint. 
material i s  liberally used throughout to  "lockdown" screws. 
many materials wi l l  be subjected to the study plan for  materials given in  
subsection 2. 2. 8. 1. 
camera to  discuss each in this test plan. 
i s  given below. 
to be critical engineering parameters. 
Also an organic 
Each of these 
There are too many nonmetallic materials in the 
Instead, a representative group 
Included with each material a re  those properties considered 
::Hughes Aircraft Company IDC 2782.3/69, "Measurement of Three Surveyor 
TV M i r r o r s  for  Flatness, Specular Reflectance, and Diffuse Reflectance", 
from J. E. Roger to W. H. Brown, 10 June 1964. 
2 - 8 3  
Material  
A dhe s ive 
Black paint 
Teflon film 
Proper ty  
Strength (tensile , 
shear )  
Reflectance , 
adhesion 
Dielectric 
strength, volume, 
and surface 
resist ivity 
Potting compound Hardne s s ,  
dielectric 
strength 
Solid film Hardness,  
lub r i c ant adhesion 
Facil i ty o r  Equipment 
Instron tes t  machine 
Gier-Dunkle integrat- 
ing sphere, tape t e s t  
Impedance bridge 
Rockwell hardness ,  
im pe d an c e b r i d  g e 
Rockwell hardness  
tape test 
tli 
ASTM, Military Specifications, and Hughes Materials Specifications 
(HMSs) exis t  describing the details of each of the many different types of m 
tes ts  that will be required during the study of nonmetals. 
HMS 15-1376 i s  the Hughes specification for the black paint on the inter ior  
of the hood over the m i r r o r  assembly. 
equipment necessary  to determine solar  absorption and adherence of the 
paint a r e  completely described. 
cations in  completing the study of all mater ia l s  tested. 
For  example, 
In  this specification, the method and 
Hughes will make full use  of these specifi- 
2. 2. 8. 5 Metals 
Aluminum i s  the pr imary  metal  used in  the TV camera  housing and 
hood. The TV m i r r o r  is made f rom beryllium. 
these mater ia l s  is  anticipated f rom its space exposure. 
determine hardness  and tensile strength of the aluminum. 
aluminum will be mounted and studied microscopically. 
be examined for  cracking. 
interface will be mounted and studied. 
be measured. 
No changes in  either of 
It i s  planned to 
Sections of the 
The beryllium wi l l  
Sections will be cut f r o m  the beryllium and its 
, microstructure  examined. Cross  sections of the m i r r o r  coating/beryllium 
The hardness  of the beryllium will 
The conductors in  the  wiring used on Surveyor were silver-plated 
A representative sample w i l l  be obtained and tensile strength 
A piece of wire wi l l  be mounted and sectioned for study. 
copper. 
measured. 
As described in the nonmetals section standard specifications will be 
followed in conducting all of the required tests. 
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2.3 EVALUATION PLAN 
2.3.1 Introduction 
The purpose of the evaluation plan is to provide a n  organized 
approach to the evaluation of data f rom the tes t s  described for the T V  
camera  and its pa r t s  and mater ia l s .  The evaluation task is par t  of a con- 
tinuous on-going effort that will provide redirection o r  modification of tes t  
plans based on evaluation of data in  a sequential manner.  Its ultimate goal 
is to provide the most  useful data within the scope of this tes t  plan. 
Experts  in the various disciplines will evaluate the data, keeping in  
mind the overall  test program. 
data analysis by extending tes t s  o r  by revising plans f o r  lower t i e r  t es t s ,  
disassembly, repairs ,  etc.,  taking c a r e  not to  modify the tes t  sample 
so  that future tes t s  might be ser iously degraded. 
2 . 3 . 2  Evaluation Technique and Procedure  
Redirection may be provided to  enhance 
The procedure that will be followed for  evaluation of data is  an 
This is shown in the flow on-going task,  throughout the t e s t  program. 
diagram fo r  the T V  Camera  Tes t  and Evaluation P lan  
Section 1).  
(Figure 1-1, 
Continuous evaluation is required because of the relatively unknown 
nature of t e s t  resul ts  and physical conditions that may exist. 
assumptions of. what might be expected, based on cur ren t  available data 
and knowledge, have been used to formulate a basic  plan. 
have the capability to  be easily changed and to  be controllable to  ensure  
achievement of the p r i m a r y  objectives. 
Some educated 
But the plan must  
The flow diagram shows this basic  plan. It starts with an initial 
survey, physical inspection of the camera ,  and preparation for the f i r s t  
system level tes t s .  
An a s ses smen t  repor t  will be made on the conditions observed at  
Photographic 
this  time. 
reference and possible correlat ion with l a t e r  detail t es t s .  
records  will be made and observations of conditions with respect  to  changes, 
micrometeoroid effects, thermal  surface property changes, and optical 
surface conditions, such as contamination f rom lunar  dust, pitting, and 
others.  
submitted to  the evaluation group. 
This  will be prel iminary and used p r imar i ly  for historical  
This  report  will be the first of a se r i e s  of reports  which will be 
After the initial survey, the camera  will be prepared for system 
checkout t o  determine i f  power can be applied without damage. 
of the ECU; camera  electronics,  and m i r r o r  assembly  must  be made to 
determine 1) i f  and what type of repa i r  might be undertaken to be able to  
proceed with system level tes t s  o r  2)  i f  this plan should be abandoned in  
favor of subsystem level tes ts .  
the plan. 
Evaluation 
This is shown as a major  decision point in  
The evaluation group will have the p r i m a r y  responsibility to  make 
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recommendations a t  the major milestone points in the evaluation plan. 
customer will be advised, and approval will be solicited f rom the P r o g r a m  
Manager. 
The 
F o r  example, i f  the m i r r o r  assembly prel iminary checks disclosed 
that stepping would not be possible when driven by camera  generated 
voltages, t es t s  would proceed without the m i r r o r  assembly,  and the plan 
would be revised for camera  level system tests .  
would be diverted to m i r r o r  assembly  testing where higher voltages may be 
applied to further evaluate load conditions pr ior  to disassembly. 
The m i r r o r  assembly  
If, during prel iminary checks, an obvious failure is noted, i t  may 
be worthwhile to replace the failed component to allow system level tes t s  
to  proceed. The plan allows for such minor repair  work if, in the opinion 
of the evaluation group af ter  reviewing data, it will not degrade o r  affect  
late r e valuation. 
This logic goes on through the par t s  and mater ia l s  evaluations in a 
continuous manner s o  that the evaluation group is in relatively constant 
touch with testing activities. 
The ultimate outcome is to provide useful data in t e r m s  of design 
parameters  related to the unique 2 - 1 / 2  year lunar environment. 
example might be the Indium seal used between the quartz faceplate and 
tube body in the vidicon tube. 
after being subjected to over 30 temperature  cycles on the lunar  surface 
might be measured.  
An 
The mechanical character is t ics  of this seal  
The reporting system for  the T V  camera  evaluation will consist  of 
three basic types of reports ,  as  defined in the following paragraphs.  
2.3.2.1 Pre l iminary  Assessment  Reports 
After each initial o r  prel iminary tes t ,  inspection, etc. a prel iminary 
assessment  report  will be prepared. 
2.3.2.2 Final Assessment  Reports 
19 
1 
After each major  phase of testing, inspection, etc., a final a s s e s s -  
ment repor t  will be prepared. This will be used as  the basis  for  deciding 
whether to proceed on to the next phase o r  to redirect  efforts for the final 
evaluation report .  It will include recommendations for  further evaluation 
o r  state that  sufficient data have been obtained. 
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2.3.2.3 Final Evaluation Report  
This report  will be submitted as the f ina l  p rog ram output a f t e r  all 
testing and evaluation of the camera  has  been completed. 
the significant resul ts  and conclusions of the TV camera  evaluation. 
It will summar ize  
2.3.2.4 Additional Information 
It is mandatory that laboratory notebook records  be kept by all 
This is  a standard Hughes pract ice  and evaluation and t e s t  personnel. 
will be monitored to ensure  compliance. 
The numberof a s ses smen t  repor t s  and when they occur will va ry  
and will be identified l a t e r  with customer concurrence.  However, they 
should not be considered contractually deliverable i tems.  
become outdated by l a t e r  data, and the intent is not to  update previous 
predictions o r  assumptions but t o  proceed and i ssue  la te r  a s ses smen t  repor t s  
at  a different’t ime phase in the program. 
be a deliverable i tem. 
time. 
They may 
The final evaluation report  will 
The customer will have a c c e s s  to  all data at any 
2.3.3 Description of Evaluation Task  
2.3.3.1 Scope and Objectives 
A detailed description of the planned evaluation process  is difficult 
to provide because of the uncertainties of the nature  of the data that would 
be obtained. 
camera  design and a vast  amount of preflight data available on components, 
mater ia l s ,  vidicon, and assemblies ,  it is possible to develop a n  evaluation 
p rocess  as  a baseline which expresses  the intent of this task. 
However, because of Hughes’ intimate knowledge of the TV 
The basic evaluation task  then makes assumptions,  contains enough 
versat i l i ty  and control to handle unknowns, and can make rea l  t ime changes, 
as  shown in Figure 1 - 1. 
A detailed evaluation plan will be provided for  each major  a r e a  of 
investigation. Two examples a r e  given in subsection 2.3.5 and 2.3.6. 
The p r imary  objectives of this evaluation plan a r e  to identify and 
categorize changes in charac te r i s t ics  (where “changes” is used in general 
sense,  e.  g., a failure is a change and the cause of this change is the 
important information), determine the cause,  and provide conclusions in 
t e r m s  of useful design data. 
The following subsections provide the means for accomplishing these 
objectives: 
2.3.3.2 Available Data 
F o r  each TV camera  par t ,  subsystem, o r  the system itself, there  
exis ts  data which will be used to assess tes t  data in  o rde r  to provide . 
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conclusions on performance, physically o r  electrically.  
survey TV camera,  exhaustive preflight tests yielded prec ise  and extremely 
useful data f rom acceptance tes t s ,  pa r t s  qualification tes t s ,  thermal-vacuum 
t ies  of data useful for  comparative evaluation. 
has  been accomplished, and the more  pertinent data have been sor ted out. 
In the case  of the 
tests, vidicon evaluation tests,  etc. There  appears  to be sufficient quanti- -? 
A screening of these data 
The data which is available without the flight TV camera,  can be 
put into three general categories,  a s  described in the following paragraphs.  
Baseline Data. The significant preflight data, acceptance tes t s ,  
calibrations, and evaluation tes ts ,  provide a n  explicit and documented 
baseline to provide comparative evaluation and under stand t rends o r  
behavioral patterns f rom test  resul ts .  
t ies  of the TV camera  a re  known pr ior  to launch 2-1/2 years  ago. 
I Both electr ical  and physical proper-  
Transfer  character is t ics  of the TV camera  (light input versus  video 
level output), in a thermal-vacuum environment, a r e  known. (Curves a r e  
shown in subsection 2.3.5.) This is a n  example of a parameter  that would 
be evaluated a t  system level testing if  c amera  operation is achieved. 
Fur ther  data a r e  available, recorded during lunar  operations 
2 - 1 / 2  yea r s  ago. They a l so  fo rm a pa r t  of the baseline data ,  
At the component level, there  a r e  data on the f i l ter  glass  spectral  
response. 
correlated with the lunar environment. 
Degradation of this parameter  would be useful design data when 
Therefore,  baseline data exis ts  at all levels - -  system, subsystem, 
and component - -  to provide a base f rom which to start. 
Expected Changes. Predictions of performance and character is t ics  
of mater ia l s ,  components, and the electr ical  system of what might be 
expected a f te r  re turn  of the camera  can be accomplished. 
level of these predictions may  vary  based on cur ren t  knowledge and under- 
standing of the effects of the lunar environment. 
evaluation of test  data. 
The confidence 
This will help in the 
F o r  example, thermal  and mircrometoroid degradation of exterior 
surfaces,  contamination, and obscuration of optical components a r e  some - - 
of the predictions already attempted. 
camera  sensitivity (a sys tem performance parameter )  and attributing the 
appropriate pa r t  of any degradation of sensitivity to  loss  of light t r ans -  
mission through the optical elements ra ther  than a degradation of electronic 
c i rcu i t ry  components o r  mater ia ls  effects. 
This  would aid in evaluating the 
La te r  tes t  and analysis could verify this ea r ly  prediction. 
This  provides the evaluation group a n  aid as to where attention should 
E 
be applied in  l a t e r  tes ts ,  spotlighting specific elements of in te res t  i n  the 
mechanism of degradation due 'to the lunar environment. 
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These expected changes have been predicted for  mater ia ls ,  
mechanical systems,  components, the vidicon, and other significant a r e a s .  
Further  details  a r e  shown in the examples given in subsections 2 . 3 . 5  and 
2 . 3 . 6 .  
Standard TV Camera.  The t e r m  "standard TV camera"  r e fe r s  to 
a complete TV camera  which is available and will be used during the evalua- 
tion process  as a highly important a id  in  accomplishing the following 
objective s: 
1) Evaluate and check out procedures  that a r e  cr i t ical  s o  that the 
t e s t  sample is not inadvertently damaged 
2)  Determine specific responses expected and evaluate changes 
to this response 
3)  
4) 
Provide a comparative standard for visual and physical changes 
Evaluate and check out repa i rs  o r  modifications. 
Clearly,  the standard TV camera  will prove an  invaluable aid to 
analysts and test  planners.  
and interpreted to assist in the final assessment  of degradation o r  fa i lure  
mechanisms. 
Data obtained f rom this camera  will be recorded 
Other areas will use  a similar approach were  applicable, such as 
a spare  vidicon for  vidicon evaluation t e s t s  and assessment .  
2 . 3 . 3 . 3  Tes t  Results Assessment  
This  portion of the evaluation plan is the hear t  of the evaluation 
process .  Obviously, specific assessment  resul ts  require specific tes t  
data. It is not known whether the TV camera  will operate as a whole o r  
what portions a r e  operative or  can be made operative to yield tes t  data that 
can be assessed .  
regardless  of whether the camera  can be  operated as i t  was intended. 
is assumed here  that operation can be achieved, but by no  means is  the 
evaluation plan dependent upon satisfactory operation. 
Materials and component evaluations will be conducted 
It 
Tes t  plans have been derived assuming degradation or  failure since 
i t  is  quite possible that attempts t o  operate portions of the camera  could 
resul t  in severe  damage to  the sample, thereby preventing useful examina- 
tions and assessments .  
To achieve the p r imary  goals of this evaluation, it will be necessary  
to  so r t  and categorize changes to weed out unwanted anomalies since fur ther  
a s ses smen t  of these changes and the mechanism that caused them a r e  
c lear ly  understood. 
overall  effort. 
Fur ther  evaluation and testing would only dilute the 
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The assessment  of test  resul ts  provides the route to follow f o r  
fur ther  tes t s  and assessments .  
of which areas offer the most  promise,  i s  the job of the evaluation group. 
followed in the evaluation process .  
The rerouting of tests, and the determination 
7 The following subsections provide the basic outline that will be 
Determination of Change. The f i r s t  c lear  a s ses smen t  task is to 
determine if  a change occurred. If not, the assessment  will yield resul ts  in 
design data based on the environment and provide additional design infor-  
mation o r  add to existing design data, i n  t e r m s  of grea te r  confidence o r  
verification of predictions in available data. It may  even change a p r io r i  
predictions i f  changes, in their  par t icular  instance, were  expected. Results 
of this nature form the main pa r t  of the evaluation plan. 
If a change has  been detected in  tes t  data o r  in physical charac te r -  
is t ics ,  fur ther  evaluation is required to determine the cause and categorize 
these changes. 
Assessment  of Cause of Change. The a s ses smen t  of the causes  of 
a change will be accomplished by f i r s t  eliminating that pa r t  of the change 
attributable to  known conditions that have occurred.  This will be done by 
use  of available data. 
f o r  the balance of the change. 
predictions to a level of confidence to be determined by the evaluation group. 
The major  categories of cause of changes a re  detailed in this 
section. 
, 
Theoretical  predictions will then be made to account 
Evaluation will be conducted to test these 
1) Handling 
Changes in performance o r  character is t ics  tha t  can be readily 
attributable to the removal of the TV camera, transportation, 
o r  handling during the evaluation process .  
This category is meant to  prevent testing and evaluation of 
obvious handling failures which a re  of l i t t le  in te res t  to the 
scientific c ommunity . 
The final decision is made by the evaluation group and recorded 
as  such. 
2) Test-Induced 
Although extreme c a r e  will be taken to prevent inducing 
failures o r  changes, it is impossible to  guarantee that changes 
o r  fa i lures  will not be caused by the evaluation. 
It will be necessary  to identify these changes throughout 
testing s o  that later tes t s  do not expend efforts toward fur ther  
evaluating such failures . 
The a s ses smen t  might be obvious in some cases ,  like watching 
a res i s tor  char ,  but not s o  obvious in others.  
this a s ses smen t  is to attempt t o  identify these changes and 
a s s e s s  their  impact on fur ther  testing. 
The purpose of 
ff 
PT 
I 
1 
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3)  Mission Effect 
This category is meant to  identify changes o r  fa i lures  during the 
period of lunar  operations of the TV camera .  These  changes o r  
fa i lures  can be identified through analysis  of mission operations 
data. 
gears ,  contamination of the m i r r o r ,  and failure of the readout 
device for elevation. 
Verifying these anomalies prevents fur ther  detailed analysis  
except of a confirming nature .  
During the evaluation p rocess  it i s  a l s o  likely that changes not 
identified through mission data may be identified and attributed 
to  operational causes .  
interest  to this evaluation plan and may provide new design 
information. 
Examples of expected i tems  in this category a r e  wear  of 
These a r e  of a higher pr ior i ty  of 
4) Lunar Environment 
This category is of p r ime  in te res t  to  the tes t  plan and would, 
therefore ,  logically receive the grea tes t  amount of attention. 
Further  detailing of causes  and resul ts  provides data related t o  
a more  specific environment such as  ultraviolet radiation 
effects,  so la r  f l a r e s ,  temperature  ex t remes ,  temperature  
cycling, vacuum, cold welding and micrometeoroids.  
The a s ses smen t  t a sk  of identifying and relating changes t o  these 
environments will be par t ia l ly  done by a comparison to baseline 
data, noting trends: a comparison to  predicted data; o r  a 
re'sponse in testing during evaluation. 
related to a lunar environment effect with substantial evidence. 
Se c onda r y  Fai lure  / Change 
Quite often in  testing and evaluation, investigators have been 
misled because of inadvertently following a failure o r  change 
which was real ly  caused by a p r i m a r y  failure o r  change. 
An example would be a change in res is tance of insulating 
mater ia l  which could not be easi ly  detected before applying 
power. When power is applied, a t rans is tor  might be shorted 
and burn out. The t rans is tor  failure is a secondary failure 
and of l i t t le consequence.except t o  identify the p r imary  change 
which occurred. 
They should be c iear ly  
5) 
6) Uncorrelatable Changes 
There  will be a category of changes which will defy attempts t o  1 
identify their  cause of change within reasonable depths of 
inve s tiga tion. 
These changes may be of extreme in te res t  i f  they have not co r -  
related with previous data o r  with predicted data. 
predictions will be made and at tempts  at verification will be 
undertaken. The level of testing and analysis  to be pursued 
under these circumstances would depend on the .potential value 
of the verification. 
Theoretical  
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2. 3 .4  F ina l  Conclusion 
A t  the end of the TV camera  testing phases,  a final conclusion mus t  
Data will be sor ted through and presented in  the 
be reached which will consider a l l  levels  of t e s t  data and prel iminary and ? 
final assessment  repor t s .  
mos t  meaningful and useful way possible. Design curves,  extrapolation of 
previous curves,  and a l i s t  of the mos t  significant observation and conclu- 
sions will  be provided. 
tions where it appears  beneficial to  do so. 
the final evaluation report .  
Recommendations will be made to  extend evalua- 
All r e su l t s  will be reported in 
2.  3. 5 System Evaluation P lan  
2. 3. 5. 1 Scope I 
System evaluation of the Surveyor I11 camera  will be initiated 
following the completion of the camera  initial survey and will consist  of 
e lectr ical  t e s t s  under ambient conditions using, pr imari ly ,  camera  flight 
acceptance t e s t  procedures .  
initial camera  baseline performance; evaluation of t e s t  resu l t s  will highlight 
a r e a s  where component o r  ma te r i a l  evaluation is of par t icular  in te res t .  
System t e s t  will be conducted by the Space Electronics,  Department, 
Research  and Development Division; a continuous t e s t  evaluation activity 
will be composed of personnel f r o m  the Space Electronics  Department and 
Space Systems Division. 
a s ses smen t  t e s t  repor t s  following each t e s t  phase. 
system t e s t  report  will be writ ten following the completion of the system 
t e s t  activity,. . 
The sys tem level tests will establish the  
a 
Test  r e su l t s  will be documented by prel iminary 
A final a s ses smen t  
l! 
2. 3. 5. 2 Available Data 
E Baseline Data. Evaluation of sys tem t e s t  resu l t s  will include c o r r e -  
lation with baseline data taken a t  the system level  during preflight t e s t  and 
calibration. System baseline data i s  a combination of t e s t  resu l t s  obtained 
p r io r  to  and following camera  installation on the Surveyor spacecraft .  
to  installation on the spacecraft, a flight acceptance t e s t  (FAT) was con- 
ducted in  accordance with Hughes Procedure  232998 (presented in  pa r t  in 
Appendix B).  Camera  electrical ,  electromechanical, and optical per form-  
ance was verified, and the  majori ty  of the camera te lemetry calibration 
data was generated.  Following installation on the spacecraft, t e s t s  were  
conducted t o  verify camera performance, te lemet ry  calibration, and generate  
camera  science calibration data. 
P r i o r  
The camera  FAT consisted of ambient functional t e s t s  before and 
af ter  environmental exposure a t  a tempera ture  of -150°F and a p r e s s u r e  of 
10-5 T o r r .  Functional t e s t s  at -20" and 125°F were  a l so  conducted af ter  
the cryogenic soak with the p r e s s u r e  maintained at T o r r .  The func- 
tional portion of the FAT at  ambient will be conducted on the Surveyor I11 
camera .  Typical pa rame te r s  to  be measured  a r e  l is ted below: 
1 ) 
2 )  
Impedance charac te r i s t ics  of camera  connector pins 
22 and 29 volt power requirements  
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Command response: f o r  example camera  on, s t a r t  frame, etc. 
Composite video character is t ics :  f o r  example, horizontal 
sync level, video level clamp, etc. (Figure 2-14). 
Status te lemetry outputs: for example, focal length, 
electronics temperature,  etc. 
Coherent electronic noise: noise due t o  switching operation 
of the electronics conversion unit (ECU) (Figure 2-15) 
Rms noise: vidicon tube mesh  noise, ECU noise, video 
amplifier thermal  noise, etc.  (Figure 2 -  15) 
Light t ransfer  characterist ic,  including sensitivity and dynamic 
range (Figure 2 -16)  
Composite video signal-to-noise ratio 
Horizontal and ver t ical  resolution 
Horizontal and ver t ical  sweep linearity 
If ambient t e s t  resul ts  make environmental functional t e s t s  on the camera  
desirable, these t e s t s  will be defined in detail and proposed. 
Science calibration was conducted on each Surveyor survey camera  
to  optimize the camera's capability to  support photogrammetry and photom- 
etry experiments on the lunar surface. The calibration was performed on 
the Surveyor I11 camera  during the final stages of spacecraft  preparation a t  
the Eas te rn  Test Range,22 through 25 February  1967. 
calibration a r e  documented in the Survey Camera Science Calibration 
Report 
generated a r e  shown in Figures  2-16 through 2-18. 
tion was used t o  adjust and calibrate the television ground data handling 
system for  optimum r e a l  t ime receipt and processing of image information. 
F o r  postmission analysis, the calibration data were  used t o  cor rec t  the 
television pictures f o r  geometr ic  distortions, falloff of spatial response, 
photometric nonuniformities, and coherent noise. Postflight video data f rom 
the Surveyor I11 camera  will be evaluated using the science calibration 
package a s  a baseline with which to  compare.  
encountered applying the calibration data to the Surveyor 111 camera  t e s t  
resul ts  a s  the science calibration was conducted at the spacecraft  level. 
The video character is t ics  measured may require correction fo r  the 
character is t ics  of the television auxiliary video amplifier and the 
space craft  t r ansmitt e r . 
The resul ts  of the 
(Reference 1) .  Typical examples of the type of calibration data 
The calibration informa- 
Slight difficulty will be 
Mission data generated during camera  operation on the lunar surface 
both video and te lemetry outputs. 
provide a source of camera  baseline data not a pa r t  of the formal  Surveyor 
tes t  program. The data available include 
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Figure 2-15.  Noise Character is t lcs  in 
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The status of a l l  camera  te lemetry parameters  when shutdown occurred i s  
known; problem a r e a s  observed during lunar operation were  a s  follows: 
1)  
2)  
Veiling g la re  due to  mirror coating o r  pitting 
Intermittent azimuth and elevation m i r r o r  stepping; the major  
difficulty observed was an  apparent binding a t  a particular 
mirror assembly azimuth position 
Fai lure  of fi l ter  wheel te lemetry readout 3 )  
I 
Expected Changes. The t e s t  p rogram and evaluation plan f o r  the 
survey camera  has been developed by anticipating that changes have occurred 
since operation was terminated in 1967.  
passes  a conservative approach. 
tes t  method most  protective to  the camera.  
changes a r e  directly related to  module, component, and mater ia l  changes. 
The system status of the camera,  a s  related t o  expected changes, i s  
summarized below: 
By nature, the t e s t  plan encom- 
That is ,  changes a r e  sought out using the 
Camera system performance B 
The vidicon i s  likely to  be gassy due t o  outgassing o r  failure of 
the indium seal.  Camera video performance, i. e.  , resolution, 
sensitivity, e tc . ,  t e s t s  will probably not be possible. The 
Surveyor I11 camera  vidicon did, however, survive severa l  
cyrogenic soaks and immers ion  in liquid nitrogen to  -310°F. 
ST 
Some module changes a r e  anticipated a s  a resul t  of component 
failures because of thermal  s t r e s s .  Resis tors ,  diodes, and 
tantalum capacitors a r e  some failures that were  noted during 
camera  environmental t e s t s .  
therefore,  reflect those component fa i lures  not identified by 
visual inspection and continuity measurements  pr ior  to  the 
tes t .  
Camera system performance will, 
If the vidicon operates o r  i s  reparable , '  additional changes in the 
video character is t ic  of the camera  a r e  expected. 
the sensitivity of the camera  will definitely be degraded a s  a 
resul t  of micrometeoroid bombardment of the m i r r o r  surface o r  
the fi l ter  wheel glass .  
Mir ror  assembly operation during sys tem t e s t  will probably be 
welding within the m i r r o r  assembly i s  predicted, although 
evidence of the cold welding phenomenon will certainly be looked 
for.  In addition, the presence of a n  atmosphere during sys tem 
testing will ac t  a s  a lubricant for the m i r r o r  assembly stepping 
functions. Hence, performance improvement f r o m  the baseline 
i s  predicted. 
F o r  example, 
l e s s  e r r a t i c  with respect  t o  azimuth/elevation stepping. No cold I 
Although the preceding changes a r e  anticipated in camera  system 
Performance, the tes t  plan does not limit the scope of sys tem level testing E 
by assuming a camera  change has occurred. 
a s sumes  a fully operational camera  and provides optional t e s t  p rograms to  
follow in the event of a significant camera  change. 
On the contrary, the t e s t  plan 
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Standard TV Camera.  A standard T V  camera  which is completely 
operational will be used as  a test  agent to  protect the Surveyor I11 camera  
and predict  expected performance. 
in the camera  tes t  plan include: 
Protective measures  to be incorporated 
1)  U s e  of the standard camera  to verify the operational integrity 
of a l l  t es t  equipment. The initial camera  FAT at ambient will 
be conducted on the standard camera .  
2) Use of the standard camera  to verify camera  tes t  procedures,  
i. e.,  FAT, module tes t  procedures,  ECU tes t  procedures,  
etc. 
I n  addition, assemblies  within the standard camera  will be used, 
where applicable, to aid Surveyor 111 camera  checkout. Fo r  example, the 
m i r r o r  assembly drive circui t ry  of the Surveyor I11 camera  will be 
initially checked out using the standard camera  m i r r o r  assembly. 
a failure in the Surveyor I11 m i r r o r  assembly  will not cause a failure in 
the drive circui t ry  during initial testing. 
apply. 
sources with current-limiting for  m i r r o r  assembly protection. 
Thus, 
However, the converse does. not 
The Surveyor 111 m i r r o r  assembly  will be checked out using voltage 
2 . 3 . 5 . 3  Tes t  Results Assessment  
Assessment  of system tes t  resul ts  by the evaluation activity will 
consist  of identifying camera  parameters  which have not experienced change, 
camera  parameters  which have experienced predicted change, and camera  
parameters  which have experienced unpredicted change. All camera  changes 
observed during sys tem tes t  will be a s ses sed  as to cause; change evaluation 
will be used to determine additional system level tes ts  o r  to d i rec t  effort 
at the module, component, and mater ia l  t es t  levels.  Unpredicted changes 
will obviously have the greatest  impact on the tes t  program; investigations 
will be conducted to  explain the change mechanism as well a s  why the 
change was  not expected. 
Determination of Camera Changes. System level camera  changes 
Performance of a n  operational camera  
will be identified by comparing tes t  resul ts  with baseline data as  sup- 
plemented by those changes expected. 
will be accurately predicted for each sys tem tes t  phase using the standard 
camera .  A variety of changes must  be monitored since the camera  has 
electrical ,  electromechanical, and optical performance requirements.  
Close perusal  of tes t  results on a near  real  time basis  by the evaluation 
activity is  required to optimize the output f rom each test .  
Assessment  of Cause of Change. Each change identified'during sys-  
t em tes t  will be a s ses sed  and categorized a s  caused by one or  more  of the 
f 011 ow in g: ' 
1)  Handling - Camera  change relatable to removal f rom the space- 
craft ,  camera  placement in  the lunar module, etc. 
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Test-Induced - Camera change noted and direct ly  attr ibutable 
to the tes t  program. 
Mission Effect - Camera  change relatable to  mission ei ther  7 
through video charac te r i s t ics  o r  te lemetry.  
ment will l ikely play a p a r t  in this change evaluation. 
The lunar  environ- 
Lunar Environment - Camera change relatable to the lunar  
environment, i. e. ,  temperature ,  vacuum, micrometeroid,  
so la r  f la re ,  ultraviolet radiation, etc.  
Secondary Failure/Change - Camera  change, probably t e s t -  
induced, observed but relatable t o  a p r imary  change of interest .  
Uncorrelated Change - Camera  change observed but without 
a sat isfactory definition of cause;  probable a r e a  of extreme 
interest .  Change evaluation will resu l t  in direction of t e s t  
efforts at the module, component, o r  mater ia l s  level of tes t .  
B 
Emphasis will be placed on sys tem changes attr ibutable t o  the 
mission effect, lunar  environment, and uncorrelated changes. Identification 
in recommended changes to existing design s tandards.  
of the mechanism causing the change will e i ther  verify the cause  o r  resul t  E 
2.3.5.4 Conclusions 
Al l  system level t e s t  resu l t s  will be discussed in detail  whether 
correlat ion with predicted resu l t s  i s  observed o r  a system level change 
i s  noted. The limitation of each t e s t  resu l t  due to  tes t  equipment, t e s t  
environment, camera  handling, e tc . ,  will be identified. 
F o r  those system level test resu l t s  that  demonstrate  good co r -  
relation with baseline data o r  expected changes, the discussion will identify 
the  line of reasoning and theory which succeeded in correlation. Definition 
of the theory used to accurately predict  a change o r  to accura te ly  predict  
no change is  important as  substantiation of existing theory and, i n  turn,  
lunar  design standards.  
The area of sys tem uncorrelated change presents  the grea tes t  
opportunity to  develop new design data applicable to  the lunar  environment. - 
These changes a r e  observed e a r l y  enough in the Surveyor 111 camera  t e s t  
p rogram t o  pe rmi t  direction of investigation a t  lower levels of tes t .  
the change observed was not predicted,  explanation of the mechanism of 
change will likely resu l t  in development of design data not pa r t  of the 
present  s ta te  of the ar t .  
directed with the intent t o  t r y  to  find the explanation of each uncorrelated 
change. 
pre l iminary  assessment  and final a s ses smen t  repor t s  on system tes t  by the 
evaluation activity. Where t e s t  resu l t s  permit ,  the mechanism of change 
will be hypothesized in  the assessment  reports .  
Since 
Thus, t e s t s  will be continually monitored and 
The status of each uncorrelated change will be discussed in the 
If 
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The final evaluation report  at the end of testing will summarize all 
Recommendations f o r  changes in t e r m s  of status and change mechanism. 
additional tes t s ,  fur ther  studies, etc.,  will be made based upon all t e s t  
r e  sult  s . 
2.3.6 Vidicon Evaluation P lan  
2.3.6.1 Introduction 
The purpose of this investigation is  to determine those changes, 
preferably in a tube that is  still operational, that have occurred and a r e  
specifically attributable to  the lunar  environment. The vidicon is  at the 
same t ime the most  complicated and the leas t  reliable component in the TV 
camera ;  indeed, the reliability of the TV camera  i s  l imited by, and is 
essentially identical to  that of, the vidicon. In addition, the s t r e s s e s  
imposed by the lunar  environment tend to fur ther  degrade the relative pe r -  
formance of the vidicon with respect  t o  the remainder  of the TV camera .  
2.3.6.2 Evaluation Technique and Procedure  
It i s  essential  to  exclude changes attr ibutable to other than the 
lunar  environment, and this resul ts  in  a step-by-step procedure,  with the 
possibility of additional damage to  the vidicon o r  change in  its proper t ies  
minimized o r  eliminated at each step. 
still a vacuum, and then how ood it i s ;  the tube cannot be operated if the 
p re s su re  is grea te r  than lO-?Torr, and will sure ly  be damaged i f  operated 
with normal  voltages at p r e s s u r e s  g rea t e r  than T o r r .  At  p r e s s u r e s  
grea te r  than 1 'Torr,  the tungsten heater  will oxidize rapidly, contaminating 
adjacent portions of the tube. Therefore  a cautious procedlare, s imi la r  to 
that shown in Figure 2-19, will be followed. 
in-situ examination o l  the vidicon in the TV camera .  Significant decisions 
a r e  required at the completion of Steps 2, 4, 6, 13, and 26 and should con- 
stitute the occasion for internal technical reports .  . 
First, one must  know i f  there  is 
The diagram starts with a n  
The p r imary  responsibility for evaluating the test data and f o r  
recommending continuation, leapfrogging, o r  termination will be that of the 
evaluation g r oup . 
Assessment  reports ,  which,will  detail the resul ts  acquired between 
the s teps  depicted in Figure 2-19, will be furnished a t  the completion of 
Steps 2, 4, 6, 13, and 26. At the conclusion of all tes t s ,  a final a s ses smen t  
report  will  be writ ten for  the ent i re  evaluation, giving all changes, assigning 
the cause (e. g., thermal  cycling in lunar  environment), and recommending 
correct ive measures .  
2.3.6.3 Evaluation Task Description 
In the first instance, it must  be expected that the vidicon will not 
be operable, and, moreover ,  that attempting to operate it will resul t  in  
2-99 
I 1 
GAS WTIO 
MEASUREMENT 
8 
INSTALL AND IN-SITU RH VI P HEATER RH CALIBRATE 
EXAMINE 
DETERMINATION TORR STANDARD 
STANDARD STANDARD 
(PRACTICE) EXAMINATION* VIDICONS 
VISUAL TWOORMORE I__* PRESSURE 
4 VIDICON 4~ 
REMOVE 
PRACTICE 
VIDICON 
SYSTEM TESTS 
INCLUDING 
TEST PATTERN 
1 1  
CUTOFF TRANSFER GRID 
DETERMINATION d CHARACTERISTICS 
9 10 
4 
DISCHARGE 
I t '  
TORR 
TORR 
REPAIR 
AND 
REBUILD 
6A 
LEAKAGE 
MEASUREMENT 
7 
CUTOFF 
DETERMINATION 
17 
1 I 
GAS RATIO LEAKAGE VISUAL REMOVE 
*-- MEASUREMENT *-- MEASUREMENT "c-- EXAMINATION C- VIDICON 
16 15 14 13 
GRID TRANSFER 
CHARACTERISTICS r 
18 
SPECTRAL 
DISTRIBUTION 
MEASUREMENT MEASUREMENT 
22 
TEST - DISTORTION - V I D E O ~ A R K  
21 
20 PATTERN 
19 
TUBE LIFE 
TEST 
27 
SHAD IN G RESOLUTION GAMMA ERASURE 
26 25 24 23 
DETERMINATION - MEASUREMENT MEASUREMENT t MEASUREMENT 
MODE MATERIALS 
DETERMINATION ANALYSES 
28 29 
GETTER OXIDIZED 
GLASS DARKENED OR 
DISCOLORED 
*DAMAGE BLOCK 
DETACHED PHOTOCONDUCTOR 
4A 
4 
I INDIUM SEAL BROKEN I 6A I 
I GLASSCRACKED I 6A I 
t PERFORM O N  STANDARD TUBE WITH 4, AND PH AS PARAMETERS 
SYMBOLS 
RH = HEATER RESISTANCE E = GRID BIAS 
P = GAS PRESSURE 
lRF = RF DISCHARGE CURRENT PH = HEATER 
ib = ANODECURRENT 
Eb = ANODEVOLTAGE 
B 
F i g u r e  2 -  19. F l o w  D i a g r a m  fo r  Vid icon  E v a l u a t i o n  
2-100 
c 
L, 
fur ther  damage and in unnecessary modification o r  obliteration of 
lunar-induced changes. 
hood, a r e  as follows: 
Some of the predictable changes, in o r d e r  of l ikli-  
1 )  Photoconductive layer  detachment 
2)  Gassy vidicon 
3) Cracked tube 
4) Deterioration of cathode 
5 )  Deterioration of photoconductor 
6) Distortion of electrode spacings 
The tes t  plan envisages and makes provision for investigating all 
of these damages. However, it must  be realized that the damage resulting 
f rom some of these may  necessitate not only repairing the vidicon but,even 
rebuilding it, e.  g., installing a new cathode or a new photoconductor 
faceplate and indium seal.  Hence, there  may be some changes i n  the tes t  
plan if  the vidicon cannot be "revived"; alternately, there  may be a decision 
to cease resuscitation efforts and to  concentrate on study of those changes 
which do not require tube operability. 
2.3.6.4 Scope 
The vid'icon investigation may be divided into three categories: 
0 Electr ical  
0 Mechanical 
0 Microanalytical 
The electrical  portion will be the most  complete since the background 
information is most  complete for  these character is t ics  (References 2 and 3). 
Included in the electr ical  propert ies  a re  the following: 
1)  Operating potentials 
2)  Grid t ransfer  character is t ic  
3) Shading in various regions of image 
4) Sensitivity 
5 )  Video/dark ratio 
6 )  E r a s u r e  
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7) Approximate spectral  distribution of sensitivity 
8)  Resolution in various regions 
9) Spots o r  blemishes 
10) Distortion 
11) Cathode image 
12) Tes t  pattern 
13) Electr ical  leakage 
14) Gas rat io  
The mechanical background information includes details  of the tube 
construction,’spacings, and mater ia l s ,  (Reference 4) as  well as specific 
data for this par t icular  vidicon on the following: 
1 ) Photoc onduc tor  appearance 
2 )  Faceplate optical propert ies  
3) Condition of faceplate indium sea l  and base pin sea ls  
4) Chips o r  c r acks  
5) Faceplate damage 
The microanalytical portion is intended for  studying changes in  
composition o r  c rys ta l  s t ructure  of c r i t i ca l  mater ia l s  in the vidicon, e. g. , 
the photoconductor. This has l i t t le pas t  history,  but constitutes a n  
essential  p a r t  of this investigation (Reference 5 ) .  
2.3.6.5 Available Data 
In addition to  the references cited above, there  is at Hughes a wealth 
of t e s t  data and analysis  for this model of vidicon, and for  this par t icular  
vidicon, Type 988-9257, SN 513 3754, used in the Surveyor 111 camera .  
Baseline Data. The performance of the vidicon before incorporation 
in the T V  camera  has been measured and recorded in  accordance with 
Reference 6. 
Expected Changes. Considerable effort has  gone into investigating 
the effects’of various s t r e s s e s  on vidicon performance, e.g.: elevated 
temperature  and thermal  cycling (Reference 5); spot formation and growth 
(Reference 7). 
operation, Figure 2-20 shows a sequence of cathode images over a 2000 hour 
operating period. 
As a n  example of the changes t o  be expected during vidicon 
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Standard Vidicon. The use  of standard o r  practice vidicons will 
be the normal  procedure before every  measurement.  
stitute d r y  runs for  calibration o r  for  checking t e s t  equipment and pro-  
cedure. 
test .  
These will then con- 
This is essential in order  to preclude damage to  the vidicon under 'R 
2.3.6.6 Tes t  Result Assessment  
This  phase of the investigation will begin with a tabulation of the 
This tabulation will be co r -  various aspec ts  of the lunar  environments. 
related with t h e  measurable propert ies  of the vidicon to predict anticipated 
changes. 
and a n  analysis of the noncorrelatable changes. 
Finally, a comparison will be made with the measured changes 
Determination of Change. The identification of changes will be 
made by remeasuring the vidicon, repeating as closely as  possible the 
original tes t  procedures.  This will furnish the location and qualitative 
measure  of the change. 
Assessment  of Cause of Change. The assignment of the cause is 
necessary  to  limit the investigation to  changes attributable specifically 
to the lunar environment. 
t h e  following: 
As previously stated, causes  of change include 
1) Lunar Environment 
a )  Thermal  cycling - the temperature  ranges f rom --170" to 
-127"C, a range of -300°K. 
b)  Vacuum - the moon provides a vacuum environment. 
c )  Radiation - part icular ly  the softer radiations (ultraviolet, 
slow charged particles,  and soft X-rays)  should be m o r e  
intense than on earth.  However, the vidicon is shielded 
f rom such soft radiation. 
d )  Micrometeorites - meteori te  damage should be considerably 
m o r e  pronounced than on earth, however, again, the vidicon 
is  shielded. 
2 )  Handling 
The handling procedures must  be exceptionally cautious to 
minimize the r isk of causing damage, particularly that which 
could be confused with lunar-environment-induced changes. 
a) Mechanical - examination and removal of the vidicon will 
be attempted only a f te r  practice disassemblies  with other 
vidicons. 
E 
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b)  Electr ical  - electr ical  startup and tes ts  will be ca r r i ed  out 
only a f te r  prel iminary tes ts  of the vidicon operability. 
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Test-Induced Changes 
Necessary test-induced changes will be evaluated for their  
effect on the interpretation of an experiment. Also, the previous 
history of the tube will be extrapolated up to the start of lunar 
operations to co r rec t  for all nonlunar environmental changes. 
Mission Effect 
Effects due to this particular mission will be corrected for ;  
for example, temperature  cycling in mission, and vibration and 
shock effects during liftoff and moon landing. 
Secondary Fa i lures  or  Changes 
Part of the process  of identifying and correlating changes in  
the vidicon with effects of the lunar environment is distinguishing 
between pr imary  and secondary changes. 
Uncor relatable Changes 
Despite the understanding of the lunar environment, there may 
well be uncorrelatable changes; these may reveal unknown 
aspects  of the lunar environment. 
2.3.6.7 Conclusions 
The conclusions of this investigation will be of three types, and will 
consider the following: 
0 Known changes caused by known effects of the environment 
(see,  for  example, Table 2-3) 
0 Known changes caused by unknown o r  poorly understood aspects  
of the lunar  environment 
0 . Other changes 
Further ,  the conclusions should identify quantitatively, where pos- 
However, of even grea te r  importance and 
sible, a known and verified aspect  of the environment and suggest experimen- 
tation to  extend that knowledge. 
in te res t  a r e  changes which can lead to the discovery of new aspects  of the 
lunar environment. 
2.3.7 Materials Evaluation P lan  
2.3.7.1 Introduction 
A thorough evaluation will be made of all tes t  data collected during 
the study. 
will be presented in  the final report .  
Conclusions based on the t e s t  data (and other confirmatory tes t s )  
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TABLE 2 - 3 .  PRELIMINARY CORRELATION O F  ELECTRICAL CHANGES 
WITH LUNAR ENVIRONMENT EFFECTS 
I T e s t  
Visual 
Le aka g e 
G a s  ra t io  
Cutoff 
Grid t ransfer  
c ha r a  c t  e ri s tic 
Distortion 
Video/ d a r  k 
Spectral  
distribution 
E r a s u r e  
Gamma 
Resolution 
Shading 
Dependence On 
T h e r mo m e c ha ni c a 1 e f f e c t s 
Optical effects 
Insulation mater ia l s  
Gas content 
Electron gun spacings 
Cathode condition 
Gas Content 
Alignment of tube 
elements 
Photo c ond uc t o r c ond i tion 
Photoc onductor condition 
Phot oc onduc t o r  c ondition 
P ho toc onduc t o r c onditi on 
Alignment of tube 
elements 
Alignment of tube 
elements 
Photo c onduc t o r c onditi on 
Lunar Environment Effect 
Lunar temperature  cycle 
High energy radiation 
Lunar temperature  cycle 
Lunar vacuum 
High energy radiation 
Time on moon 
Lunar temperature  cycle 
Lunar  temperature  cycle 
Lunar temperature  cycle 
Lunar temperature  cycle 
Lunar temperature  cycle 
Radiation exposure 
Lunar temperature  cycle 
Radiation exposure 
Lunar temperature  cycle 
Radiation exposure 
Lunar tempera ture  cycle 
Radiation exp o su r  e 
Lunar temperature  cycle 
Lunar temperature  cycle 
P 
2-106 
The evaluation plan will be conducted as outlined in Figure 2-21. 
This  plan brings together data collected during the study (test and visual 
observations) and existing data for  review and analysis. 
a r e  warranted (either on returned samples o r  unexposed mater ia l ) ,  they 
will be conducted as part of the evaluation plan. 
well indicate the need for  additional mater ia l  studies beyond the scope of 
this effort. 
final report .  
If additional tes t s  
Conclusions reached may  
These recommendations will be included as a portion of the 
The details of the evaluation plan a r e  discussed in the next section, 
and in  the following section a n  example is given of the evaluation plan 
applied to one material .  
2.3.7.2 Components of Evaluation Plan 
The components of the evaluation plan a r e  discussed below. 
Existing Data. Based on laboratory tes t s  of mater ia ls  used in 
Surveyor 111, data in  the l i terature ,  and tes ts  run on equivalent mater ia ls ,  
predictions can be made on the condition of materials af ter  2 - 1 / 2  years  in 
the lunar environment. 
precision of the definition of the environment and par t ly  on the adequacy of 
simulation in laboratory testing. resul ts  of the radiation of 
mater ia ls  with 140 kev protons a r e  available f rom a Hughes t e s t  program. 
Prediction of the effect of solar  protons (1 to  3 kev) must be based on the 
above laboratory studies. 
will help a s s e s s  the accuracy of such predictions-. 
predicting changes f rom the lunar environment is  that recovered samples 
were  exposed simultaneously to several  types of radiation, whereas  labora-  
tory studies a r e  normally conducted with single environments. Synergistic 
effects in recovered mater ia ls  would not be predictable. 
These predictions a r e  par t ly  dependent on the 
For  example, 
Results of this study of recovered mater ia l s  
Another problem in 
Observed Data. Both tes t  and visual observations on the recovered 
Since, 
mater ia ls  will constitute observed data. 
changes can be related to  individual components of the environment. 
in  many cases ,  several  of the individual components could cause similar 
changes, it may not be possible to re la te  each change to  a specific factor 
of the environment. 
based on existing data. 
These will be analyzed s o  that 
The observed data will be compared with predictions 
Analysis of Data. A careful review of the data obtained f rom the 
t e s t s  of the recovered mater ia ls  will be made. Note will first be made of 
those propert ies  that were  unchanged. Fai lures  o r  changes that a r e  found 
will be analyzed for  correlation with existing information f rom the laboratory 
and f rom resul ts  on mater ia ls  in other missions.  These results will be 
distinguished as  consistent with existing data, o r  not consistent and predict-  
able. 
toward conclusions and a report  for  the predictable resul ts  and, alternately, 
toward fur ther  study where the resul ts  were not predictable. 
This  is a decision point and will be used to direct  the evaluation plan 
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F i g u r e  2 - 2 1 .  Materials Evaluation Plan 
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Results Consistent with Prediction. Where the resul ts  can be 
related to predicted changes, and the mechanism of change is understood, a n  
interpretation of these resul ts  and their  meaning for  space application will 
be made, 
report  and f o r  recommendations fo r  additional study of these mater ia l s .  
This information will s e rve  as the bas i s  for p a r t  of the final 
Results not Consistent with Predictions.  F o r  those resul ts  where 
the changes were  incorrect ly  predicted or  where there  were  insufficient data 
t o  make a prediction, a n  attempt will be made to  re la te  the changes to  
chemical o r  physical propert ies  of the materials. 
additional laboratory tes t s  using specific s t r e s s e s  of the environment m a y  
be indicated. 
Where data gaps exist ,  
Additional Laboratory Tes ts .  In the analysis  of resul ts  that were 
These t e s t s  should be run 
not predictable, a laboratory tes t  may be suggested to  help relate  changes 
in  propert ies  to chemical o r  physical effects. 
and analyzed as a pa r t  of this study to  provide a bet ter  understanding of 
changes and fai lures .  
Final Report. The final report  will summarize the following: ' 
1)  Effect of the lunar environment on each mater ia l  
2) Correlation of existing data with changes in the mater ia l  
3)  Analysis of the chemical and physical effects of the changes 
4) Failure  mechanisms 
Proposa l  for Additional Study of Materials.  Since i t  is likely that 
there  will be unanswered questions a r i s ing  f rom this study, a proposal 
for  fur ther  studies will be made a s  p a r t  of the f i n a l  report .  Future  work 
should consis t  of laboratory studies and also,  i f  possible, planting and 
retr ieval  of additional mater ia l s  on the lunar surface.  
2 . 3 . 7 . 3  Procedure  
The procedure to  be followed in  the evaluation plan is outlined in  
this section using a typical mater ia l .  
cable leading f rom the lower shroud of the TV camera  to  the m i r r o r  hood 
was chosen as an  example. 
The nylon braid on the outside of the 
Existing Data. Nylon is  darkened by ultraviolet radiation, and its 
optical propert ies  may be affected a l so  by low energy protons. 
cycling in  the lunar  environment should not affect mechanical o r  optical 
propert ies .  
under vacuum. 
Thermal  
There  should be no redeposition of any mater ia l  evolved 
Observed Data. Optical and physical propert ies  of the braid will be 
measured.  
absorptance cannot be measured on loose braids .  
elongation will be measured on the Instron tes te r .  
The so lar  absorptance will be determined visually since 
Tensile strength and 
The individual yarns  .may 
2-109 
be measured microscopically for change in c r o s s  section. 
observation will be made of c racks  o r  flaws in the individual filaments. 
Visual 
Analysis. Optical changes will be analyzed and related to resul ts  
previously reported on laboratory tes t s .  
c on side r ed: 
Two aspects  of the study will be 
1)  Comparison of changes sustained in the lunar environment with 
laboratory exposure. 
of the two environments. 
This will help relate the equivalence 
2)  Relation of change sustained in the lunar  environment to chemical 
and physical parameters .  
an ism for the material. 
This will help establish the mech- 
Additional Laboratory Tes ts .  If analysis leaves unanswered 
questions, several  laboratory tes ts  may  be devised to supply enough infor- 
mation to provide a satisfactory interpretation of the study. 
should be run and the analysis repeated t o  improve aspects  1 and 2 above. 
These tes t s  
Final Report. A final report  will be made on the extent of change 
of nylon web in the lunar  environment and an  understanding of the mech- 
an ism of change, i f  any. 
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3. TUBE SECTION WITH WHITE INORGANIC PAINT 
3.1 TUBE DESCRIPTION 
An aluminum tube painted with an inorganic white paint is used to  
support the TV camera.  The paint, developed by Hughes specifically for  
the Surveyor program, i s  composed of an aluminum silicate pigment made 
by calcining a china clay (P lasm0 clay, Standard Industrial Minerals), and 
a binder, potassium silicate (PS-7, Sylvania Electric).  The pigment i s  
mixed with a water solution of the potassium silicate in a weight ratio of 
4. 5:l (dry pigment to d r y  binder). 
covered by the following Hughes specifications: 
The white paint and its application a r e  
1) Paint H M S  15-1 
2) Paint HP4-135; 
of 
374; Paint, Thermal  Control, Inorganic 
Paint, Thermal  Control, Flat White, Application 
The procedure specifies that the coating be applied to  a thickness of 
5. 0 to  8. 0 mils, which will give a spread in solar absorptance of the freshly 
applied mater ia l  of 0. 22  to 0. 17. 
thickness range, and a hemispherical  emittance of 0. 87 i s  normally obtained. 
The emittance wil l  not vary over this  
3 .2  ANTICIPATED ENVIRONMENTAL EFFECTS 
3. 2. 1 Dust 
The presence of dust will increase  solar  absorptance. Dust may be 
Since the dust 
present on white painted surfaces  p r io r  to  recovery o r  may be deposited 
during recovery and t ransmit ta l  to the protective container. 
will be on the surface, it can be easi ly  identified by visual examination. 
3. 2. 2 Micrometeoroids 
Thef lux  of micrometeoroids  may have an erosive action on the 
white inorganic paint. 
can only be speculated on. 
paint fo r  a sharp increase in solar absorptance to  occur. 
is less ,  it would be difficult to observe visually. 
The extent to  which paint may  have been removed 
If the removal 
It would require  removal  of 3. 0 to  5. 0 mils of 
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It is possible that the micrometeoroid erosion may  remove the ul t ra-  
Extensive ultraviolet  testing has  estab- violet damage layer  f rom the paint. 
lished that ultraviolet degradation on this  coating extends l e s s  than a mil in 
ually removing ultraviolet  degraded paint. Following the  same  argument,  
dust deposited during initial landing (Surveyor) and lunar operation would 
also be removed by the same erosive action. 
depth. Thus erosion by micrometeoroids  would have the effect of contin- ? 
3. 2. 3 Solar Ultraviolet Radiation 
Extensive damage by ultraviolet  can be anticipated in the  solar  
absorptance (ref lectance)  of the white paint. 
coating yellow (strong blue region absorption). 
contamination p r io r  to launch. 
organic contaminate escaping f rom the spacecraft  and condensing on the 
white paint. 
This damage will tu rn  the 
The extent of damage will 
It will a lso be dependent on any outgassed 
depend on the amount of dust deposited, micrometeoroid erosion, and ear th  a 
3. 2 . 4  Vacuum 
Vacuum exposure should not cause any damage to  the white paint. 
3. 2. 5 Temperature  and Thermal  Cycling 
No effects due to  thermal  cycling a r e  anticipated. If the aluminum 
substrate  were  not properly cleaned p r io r  to  application of the white paint, 
the coating may have c razed ,  cracked, o r  lifted f r o m  the aluminum tube. 
3. 2. 6 Solar F l a r e s  
The effect of solar  f la res  would be to increase  the solar  absorptance 
of the white paint. 
environment (Appendix A) .  
of magnitude below threshold for damage. 
The total absorbed dose can be estimated f r o m  the 
It is anticipated that it will be severa l  o r d e r s  
3. 2. 7 Solar Wind Protons 
The flux of low energy protons is expected to cause an increase  in 
the solar  absorptance of the white paint. 
tested for  low energy proton damage, the est imate  of the extent of such 
damage must be based on tes t s  made with higher energy protons. 
lat ter,  discoloration resulted f rom a dose equivalent to that of 2-1/2 yea r s  
of lunar exposure. 
Since this coating has  not been 
In the 
The white painted tube i s  to be returned to ea r th  in a vacuum tight 
container to  preclude any oxygen-induced bleaching in the damaged white 
paint. Hughes has  conducted t e s t s  on this paint, in vacuum, and observed 
no bleaching of ultraviolet induced optical  changes when the  sample was 
returned t o  a i r .  
paint was exposed to protons and electrons.  
observed upon removal  of the sample f rom the  vacuum. 
have an effect, it is strongly urged that the white coated tube be  returned 
to ear th  in a vacuum container. 
In a recent  tes t  program, a similar clay/silicate white 
In this  case, bleaching was 
Since oxygen may  
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3. 3 INITIAL RECEIVING AND HANDLING PRE CAUTIONS 
A 5 inch section of T V  camera support tube coated with white 
inorganic paint will be returned by the astronauts. 
Receiving Laboratory,five test samples will be cut from the tube section, 
to be used by Hughes for vacuum measurement of solar absorptance. 
the operations at Houston on this tube will be conducted in vacuum and 
observed by Hughes personnel; red light illumination will be used. 
At  the NASA Lunar 
A l l  
It i s  well established that color centers formed in materials that 
have been irradiated can be bleached by exposure to  light. 
i s  chosen because most color centers a re  formed in the blue region of the 
spectrum, and light at this wavelength (blue) is absorbed by the color center, 
leading to optical bleaching. 
Red illumination 
The tube will be manipulated with care not to touch the surface other 
than at the edges. 
teflon, and the table top will be covered with teflon film. A l l  samples and 
the remaining section will be sealed individually in dust-free vacuum tight 
sealed plastic bags and then placed in individual vacuum-sealed light tight 
metal containers. 
Gloves that touch the tube will be covered with FEP 
A Hughes courier will take the samples and tube from Houston to 
Hughes, directly t o  the clean room facility (Class I, Grade B, Level 3, 
limited access). 
bench using red light illumination. 
gloves and the part will be touched only with clean tools. 
f r  equ ently r ins e d with F r e  on. 
The initial survey will be conducted on a laminar flow 
The investigator will wear plastic film 
A l l  tools will be 
3.4 PARAMETERS AND PROPERTIES TO BE TESTED 
The following properties should be measured to  determine the 
extent of damage to  the white painted aluminum tube: 
Solar absorptance (vacuum and a i r )  
Thickne s s 
Adhesion of coating to  aluminum substrate 
Emit t anc e 
Abrasion resistance 
The 5 inch tube configuration does not lend itself to any equipment 
now available for  making the Solar absorptance measurement in vacuum. 
Present devi-ces f o r  studying coating behavior in vacuum employ an inte- 
grating sphere; the sample is  placed either inside the sphere or at the wall 
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of the sphere. 
measurement  at  the wall of the sphere i s  impract ical  due to  the sharp 
radius of curvature of the tube. Much of the incident energy would be 
scattered out of the sphere, leading to  erroneous measurements .  
The 5 inch tube i s  too large to  place in the sphere, and 
Therefore, five small  sections, each approximately 1 by 1/2 inch, 
should be cut f rom the tube. This can be done, under vacuum, at  the Lunar 
Receiving Laboratory, using a jeweler s saw. 
3. 5 INITIAL SURVEY OPERATIONS 
The initial survey operations at Hughes will be conducted in two 
stages. 
chamber but retained in i t s  vacuum tight plastic bag. 
will be made of the tube in the plastic bag. 
taken. 
F i r s t  the tube section will be removed f rom i t s  metal  vacuum 
A visual examination 
If possible, photographs will be 
7 
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Next the tube section will be removed f rom the bag. Again photo- 
graphs will be taken. 
with an unexposed, white painted aluminum tube, noting, f o r  example, 
whether the whiteness of the paint has  changed o r  whether t he re  i s  any 
evidence of erosion. 
The general  appearance of the tube will be compared 
m?i 
A small  a r e a  near  one end will be wiped with a dry, white Kay Dry 
The painted t issue and evidence of dust par t ic les  on the t i s sue  recorded. 
tube will then be examined microscopically. 
A cylindrical section 1 inch long will be cut f rom the tube and then 
One piece will be wiped with a Kay Dry t issue wetted with split longways. 
water and deposition on the paper recorded. The other piece will be wiped 
with a t i s sue  wetted with acetone and the pickup of par t ic les  noted. 
evidence of deposition of organic mater ia l  will be noted and recorded. 
IR spectra  will be r u n a s  an aid in  identification of any unknown mater ia ls  
found. Each of the wiped regions znd the central, untouched region will be 
examined for  evidence of coloration, pitting, embedding of particles,  and 
erosion. 
damage patterns when observed under the microscope.  
Any 
Microphotographs will be taken of a l l  regions showing unusual 
3. 6 PROCEDURES AND FACILITIES 
Three  of the five samples  cut from the tube will be measured  under 
vacuum and two will be measu red  in air a t  the same time. 
samples  will be exposed to  a i r  just before to  the air measurement  but will 
not be exposed to  white light pr ior  to  measurement .  
The la t te r  
Since the Hughes vacuum sphere i s  not la rge  enough and does not 
have manipulators  attached that would allow opening the vacuum sealed bag 
in the chamber, the vacuum integrating sphere facility located at  TRW i s  
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proposed for this test. 
sample holder, and manipulators to move the sample from the holder t o  the 
integrating sphere. 
This facility consists of a large vacuum chamber, 
The test procedure is a s  follows: 
1) Place the sample, still in its sealed plastic bag, in the sample 
holder. 
Pump the vacuum chamber down t o  lom7 Torr. 2) 
3)  Using the manipulator, cut through the plastic bag and grip 
the sample. 
4) Transfer the sample to the integrating sphere for measurement 
of solar absorptance. 
Before the test, practice runs will be made to ensure manipulative 
ability a s  well as  establish the procedure to minimize light exposure of the 
sample. After the test, a i r  will be let into the chamber and the solar absorp- 
tance remeasured to determine if there a re  any bleaching effects. 
The thickness of the paint coating on the tube will be measured using 
the Dermitron, a device that, by generating eddy currents in the under- 
lying metal substrate, measures the thickness of dielectric coatings. The 
test i s  nondestructive. 
will be a measure of the amount of paint eroded by micrometeoroids. The 
thickness of the coating on the optical samples will be measured. 
thickness and solar absorptance can be correlated, the degree of damage 
can be determined. 
The thickness profile around the diameter of tube 
Since the 
The adhesion of the coating to the aluminum tube will be determined 
using a standard tape test. 
i f  the Surveyor paint adherence was adequate and is detailed in Hughes 
Specification HP4- 135. Abrasion resistance will be measured using a 
Taber abrader. 
This is the test previously used t o  determine 
An additional test will be performed at this time to determine 
adherence as  well as  cohesion of the coating. A sharp Exacto blade will 
be used to  pry the coating loose and cut into the coating to delaminate the 
various layers. 
samples will be compared with samples made at Hughes at about the time 
the actual flight hardware of Surveyor I11 was coated. 
The ease with which this is accomplished on the returned 
The emittance of the inorganic white paint will be measured using 
a sample $ut from a flat section of the T V  camera housing. 
is  not a factor in emittance, a sample exposed to  ambient can be used. 
Since bleaching 
Except fo r  the vacuum integrating sphere, all other equipment 
The following facilities will be used. required is available a t  Hughes. 
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IR spectrophotometers 
Beckman IR-12 
Perkin-Elmer 21 
Gier-Dunkle integrating 
sphere 
Gier-Dunkle heated 
Hohlr aum 
Dermitron thickness 
gauge 
Taber' abrader 
Mea sur e infrared t r an smi s sion 
1. 5 t o  50 microns 
Measur e s diffuse reflectance 
0. 3 to 2. 5 microns for  solar 
absorptance calculation 
Measure normal reflectance 
1. 5 to  25 microns f o r  emittance 
calculation 
Used to  measure thickness of 
dielectric coatings up to 15 
mils thick over metallic 
sub strat e s . 
Used to  determine degree of 
resistance t o  abrasion 
3 . 7  EVALUATION P L A N  
The data obtained for the tube section with white paint will be 
thoroughly evaluated according to the plan described in subsection 2. 3 .  7 .  
n 
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4. TV CAMERA CABLE 
4. 1 CABLE DESCRIPTION 
The TV camera  cable i s  used to c a r r y  control, power, and data 
signals. Three cables a r e  attached to  the lower shroud of the camera,  two 
coming f rom the main spacecraft wiring harness,  and the other going to  the 
m i r r o r  assembly at  the top of the camera.  
A l l  the cables a r e  basically of the same design. A number of 
individual wires  a r e  gathered t o  fo rm the cable. Each wire i s  insulated 
with teflon and overcoated with polyimide and the group bf wires  i s  tied 
together with a nylon braid. 
cable f rom the lower shroud to  the m i r r o r ;  t he  other two have a final 
overwrap of 2 mil thick aluminized FEP teflon film, with the aluminized 
surface inside next to  the wires .  
t u re  but was not put on the cable going to  the m i r r o r  assembly because it 
increased the spring constant. 
one coming f rom the wiring harness  and wrapped with teflon. 
The nylon braid fo rms  the outer layer  on the 
This wrap was used t o  control tempera-  
The cable to be returned vacuum-sealed is 
4 . 2  ANTICIPATED ENVIRONMENTAL EFFECTS 
4. 2. 1 Dust 
The presence of dust will increase solar  absorptance. Dust may be 
Since the dust will be 
present  on the outer wrap pr ior  to  recovery o r  m a y  be deposited during 
removal and t ransmit ta l  t o  the protective container. 
on the surface, it can be easily identified by visual examination. 
4. 2. 2 Micrometeoroids 
The flux of micrometeoroids  m a y  erode the surface o r  embed in it. 
Since the outer wrap  of Teflon i s  transparent,  damage from ultraviolet 
would exist throughout the  film and would not be changed significantly by 
erosion. 
4. 2. 3 Solar Ultraviolet Radiation 
\ 
Teflon i s  quite res is tant  to ultraviolet, but some change may  have 
occurred optically o r  mechanically in a 2-1/2 year  period. A l l  the 
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materials under the aluminized teflon a re  shielded from ultraviolet. Any 
exposed nylon braid may have discolored quite badly due to the ultraviolet 
radiation. In addition, it might have become quite brittle and have broken 
loose from the cable. 
4. 2 .4  Vacuum 
Hard vacuum over a long period might have caused outgassing and 
The extent of cracking in the insulating layers and in any exposed nylon. 
the changes cannot be predicted and will be determined by test. 
4. 2. 5 Temperature and Thermal Cvcling 
Thermal cycling might embrittle the insulation and the braid, 
leading to cracking o r  failure. 
the beginning of service, no crack propagation from cable movement is  
anticipated. 
Since the cable flexed on the moon only at 
4. 2. 6 Solar Flares 
The absorbed dose due to  solar flare radiation i s  expected t o  be 
below the threshold for  the cable materials. 
4. 2. 7 Solar Wind Protons 
Because of the low energy of the solar wind protons, the only 
anticipated effect would be on the optical properties of the teflon surface. 
The extent of the change i s  estimated t o  be small based on Mariner data. 
4. 3 INITIAL RECEIVING AND HANDLING PRECAUTIONS 
An 8 inch section of the T V  cable will be returned in a dust-free, 
sealed container. 
light-tight container at Houston following microbiology examination and hand 
carry it t o  Hughes. 
courier to  the clean room facility (Class I, Grade B, Level 3; limited 
access). 
A Hughes courier will receive the sample in a dust- and 
A t  Hughes, the container will be taken directly by the 
The container will be stored in this room prior to  testing. 
Initial survey operations will be conducted on a laminar flow bench 
The investigator will wear plastic film gloves. in the clean room facility. 
The table top will be covered with FEP teflon film. 
touched only with tools rinsed clean with Freon. 
will be frequently rinsed. 
be minimized. 
tion prior to the measurement of solar absorptance. 
The parts will be 
While working, the tools 
Exposure of the teflon wrapping to light should 
This will reduce any bleaching of radiation-induced colora- 
7 
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4.4 PARAMETERS AND PROPERTIES TO BE TESTED 
The following properties should be measured t o  determine the 
extent of damage to  the teflon wrapping. 
Solar absorptance (vacuum and a i r )  
Emittance 
Thickness 
Adhesion of aluminum to film 
Tensile strength 
With the teflon wrapping removed, the tests to be performed on the 
conductors and insulators of the TV cable are: 
Resistivity of conductor 
Resistivity of the insulation 
Weight 10s s 
Bend tests on wires 
Dielectric strength of insulation 
Tensile strength and elongation of insulation 
Solder ability 
Infrared analysis of insulation 
4. 5 INITIAL SURVEY OPERATIONS 
Within the clean room, the sample in i ts  sealed tube will be placed 
on a laminar flow bench with the bench top covered with clean teflon film. 
Wearing plastic film gloves, the investigator will open the sealed tube 
carefully remove the cable without disturbing the position of the wrapping. 
After an overall visual inspection of the condition of the cable, three 1 by 
3/4 inch sections of the teflon wrapping will be cut from a region removed 
from the end of the strip. 
will be placed in individual dust-free plastic bags and sealed. The remainder 
of the wrapping will be given a visual examination. The general appearance 
will be notid to  determine whether there is evidence of change in surface 
structure by erosion o r  embedding of particles. Photographs will be taken. 
These pieces, which will be used fo r  optical tests, 
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A smal l  a r e a  will be wiped with a dry, white Kay Dry t issue,  and 
dust par t ic les  o r  other contamination found will be noted. 
be microscopically examined. 
tissue, one wetted with water and the other with acetone. 
the t issue will be noted and recorded. 
The film will 
Appearance of 
Two other a r e a s  will be wiped by Kay Dry 
Any evidence of deposition of organic mater ia l  will be noted and 
recorded. 
Each of the wiped regions will be examined along with the  central  untouched 
region f o r  evidence of coloration, pitting, embedding of particles,  and 
erosion. 
damage i s  noted. 
IR spectra  will be run i f  indicated to  help in identifying deposition. 
Microphotographs will be taken of all the  regions where unusual 
I 
Following examination, the teflon will be sealed in a separate bag 
fo r  la te r  t e s t s  of tensile strength, etc. The remaining cable, with teflon 
removed, will be carefully inspected for  visual evidence of failure of 
insulation, Photographs will be made. The nylon braid will be examined 
f o r  cracking and failure. 
awaiting further tes ts .  
The cable will then be sealed in a plastic bag 
4. 6 PROCEDURES A N D  FACILITIES 
Testing will involve both the teflon wrap over the cable and the 
conductors and insulation of the cable itself. 
from the wrap will be tested, each individually. 
F i r s t ,  the teflon samples  cut 
One sample will be removed f rom i t s  plastic bag and mounted on the 
Reflectance will be measured  for  calcula- Gier-Dunkle integrating sphere. 
tion of solar  absorptance. 
envelope and t ransfer red  to  the Hohlraum for  measurement  of emittance. 
The third sample will be kept in i t s  container a s  a r e se rve  in case  either 
of the t e s t s  needs to be repeated. 
A second sample will be taken f r o m  the plastic 
The remaining teflon wrap w i l l  cut into appropriate shapes to 
measure  tensile strength and elongation on the Instron tes te r .  
of the aluminum to the teflon will be measured  using a standard tape tes t .  
This tes t  is used in receiving inspection of aluminized teflon. 
Adhesion 
Testing of the  cable will be undertaken next. A l l  of the t e s t s  
A tes t  plan philosophy s imilar  to  that 
described he re  will not necessar i ly  be undertaken. 
made af ter  viewing the cable. 
described in  2. 2. 8 will be followed. 
A final decision will be 
One piece of special  t e s t  equipment is necessary.  A special  f ixture 
would be designed and built to  provide a means  of making electr ical  contact 
to  the conductors and to  hold the T V  cable during testing. 
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A photomicrograph sample will be obtained from one end of the 
This specimen will be used t o  measure thickness of insulation and cable. 
conductor with plating. 
The electrical properties of the camera cable will be measured 
next. 
of several of the conductors will be measured. Insulation resistance 
between all conductors will be measured. 
The cable will be mounted in the special test fixture and resistivity 
The dielectric strength tests will not be made until the cable i s  
disassembled. If breakdown occurred, destruction of the cable might be 
confused with space environment induced damage. Capacitance between 
several conductors will be measured at 1000 H,. The cable will be dis- 
assembled at this point. Study of individual conductors and of the nylon 
braid will be undertaken. Visual examination of all parts will continue 
during this dismantling . 
Individual tests will be undertaken next. A sample of insulation 
will be removed from several wires and tensile strength and elongation 
measured. 
wires. 
High voltage dielectric strength will be measured on. several 
Cutthrough tests will be made to  determine toughness of insulation. 
Brittleness will be checked by wrapping wires around a mandrel. If no 
cracking is observed, the wire may be heat aged per MIL-C-W-16878 and 
reexamined f o r  cracks. Solderability of the wire will be determined. 
tensile strength of the braid will be.measured, if possible. 
The 
The test facilities t o  be used in the study of the camera cable a re  
all available at Hughes except fo r  the one holding jig. 
4 .7  EVALUATION PLAN 
The data obtained f o r  the teflon wrap and the components in the TV 
cable will be thoroughly evaluated according to  the plan described in 
subsection 2.3.7, 
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5. POLISHED ALUMINUM TUBE 
5 . 1  TUBE DESCRIPTION 
Polished aluminum tubes a r e  used a s  a portion of the Surveyor 
s t ructure  to reflect  the lunar heat radiation, thermally decoupling the 
spacecraft  fr’om the lunar surface.  
where the returned polished aluminum tube was located on the Surveyor for 
accurate  predictions of solar  proton and micrometeoroid exposure.  
It i s  important to determine exactly 
5 . 2  ANTICIPATED ENVIRONMENTAL EFFECTS 
5. 2. 1 Dust 
- 
The presence of dust will increase  solar  absorptance.  Dust may be 
Since the dust 
present  on the’polished surfaces  pr ior  to recovery o r  may be deposited 
during recovery and t ransmi t ta l  to the protective container. 
will be on the surface of the tube, it can be easi ly  identified by visual 
examination. 
5. 2. 2 Micrometeoroids 
The f lux  of micrometeoroids  may have an  erosive action on the 
polished aluminum. 
may be determined visually, by a change in solar  absorptance, and by the 
electron scanning microscope. The change may be slight and not visually 
detectable. 
operation may a l so  be removed by the erosive action of the micrometeoroids .  
The extent to  which the surface might have been eroded 
Dust deposited during initial landing (Surveyor) and lunar 
5. 2. 3 Solar Ultraviolet Radiation 
No change in polished aluminum is expected from the ultraviolet  
radiation. 
5 . 2 . 4  Vacuum 
Vacuum exposure should not produce any damage in 
aluminum. 
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5. 2. 5 TemDerature and Thermal  Cvcling: 
No effects due to  thermal  cycling a r e  anticipated. 
5. 2. 6 Solar F l a re s  
Solar f la res  a r e  not expected t o  affect the polishedaluminum surface 
5. 2. 7 Solar Wind Protons 
The flux of low energy protons may remove the oxide surface layer .  
This change could be reversed  on r e tu rn  of the polished tube t o  ear th .  
effect will not be visible to  the eye. 
This 
5 . 3  INITIAL RECEIVING AND HANDLING PRECAUTIONS 
A 5 inch section of polished aluminum support tube will be returned 
in a sealed, dust-free plastic bag. A Hughes courier  will receive the 
sample at Houston following NASA's solar  wind studies and c a r r y  it directly 
to the Hughes clean room facility (Class  I, Grade B, Level 3, limited 
access) .  The sample container will be s tored in  the clear  room until survey 
and tes t  operations begin. 
E 
P r i o r  to the init ial  survey, the sealed sample will be taken to a 
laminar flow bench equipped with strong lighting and with the table top 
covered by teflon film. 
sealed package and place it on the teflon film wearing plastic film gloves 
and using tongs, taking c a r e  to touch the tube only at the ends. All tools 
used to handle o r  work with the tube section will be cleaned with Freon.  
The investigator will remove the sample f rom i t s  
5 .4  PARAMETERS AND PROPERTIES TO BE TESTED 
The following propert ies  will be measured on the returned section 
of polished aluminum tube: 
Solar absorptance 
Emittance 
Surface roughness 
Condensed organic mater ia l  determination 
Tensile strength, elongation, and hardness  
P 
5 - 2  
In the NASA statement of work, goniometric reflectance measurements  
a r e  proposed t o  determine extent of surface erosion. 
established by determining spatial pat terns  of light reflection. 
Hughes that this i s  impract ical  on this  sharp radius tube. A m o r e  pertinent 
approach, and certainly more  informative on the nature of the surface, i s  to 
use a profilometer, measuring surface roughness. Though this measu re -  
ment will not indicate the amount of aluminum removed, neither would the 
goniometric measurements .  
This would be 
It i s  felt by 
The profilometer will measu re  peak t o  valley distances and "cra te r1 '  
This information will yield a pattern of micrometeoroid erosion. widths. 
To determine how this erosion would change the light reflectance patterns, 
flat surfaces could be prepared reproducing the surface roughness found on 
the polished tube. 
made on this  flat surface.  
Goniometric reflectance measurements  could then be 
5. 5 INITIAL 'SURVEY 0PER.ATIONS 
The general  appearance of the returned polished tube will be noted and 
compared with an unexposed, polished aluminum tube. F o r  example, it will 
be noted whether the surface shows any evidence of erosion. Photographs of 
the tube will be taken at  this  t ime.  
A smal l  a r e a  near  one end will be wiped with a dry Kay Dry t issue 
and evidence of dust particles on the Kay Dry t i s sue  noted and recorded. 
The polished tube will then be examined microscopically. 
will be taken if the surface has been eroded. A smal l  a r e a  near an end will 
be wiped with a Kay Dry wetted with water and deposition on the paper noted 
and recorded. 
f resh  a rea  of the surface near  one end and the pickup of par t ic les  noted. 
evidence of deposition of organic mat te r  will be noted and reported. The 
organic deposits will be removed and IR analysis made to  determine what 
functional groups a r e  present .  
Photomicrographs 
A Kay Dry t issue wetted with acetone will be used to  wipe a 
Any 
5 . 6  PROCEDUR.ES AND FACILITIES 
F o r  a measu re  of the solar  absorptance, a tes t  sample 1 by 3/4 inch 
will be cut f rom the tube. If the tube shows evidence of micrometeoroid 
erosion on one side, samples  will be cut f rom both the eroded and uneroded 
a r e a s  for comparison measurements .  
solar absorptance would change f r o m  only erosion. 
absorptance i s  detected, it can probably be t raced  to  contaminants on the 
surface. 
initial survey operations. 
Gier -Dunkle integrating sphere.  
and uneroded aluminum. 
In general, it i s  not expected that the 
If an  increase in solar  
If present, these contaminants will have been analyzed during the 
Solar absorptance will be determined using the 
Emittance will be measured  on both eroded 
Surface roughness of the polished aluminum will be measured  and 
compared to  an unexposed polished aluminum tube using a profilometer. 
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A t r ace  will show peak to valley distances a s  well a s  c r a t e r  widths. 
significant number of embedded par t ic les  will a lso be seen in  the t r ace .  
Following these tes ts ,  a scanning electron microscope will be used to study 
t icles embedded in the aluminum. 
surface,  the SEM can be used to  determine approximate elemental compo- 
sition. If a la rger  number of par t ic les  a r e  found with dimensions of a few 
microns o r  grea te r ,  examinations will be made in a microprobe analyzer.  
This work will be done under contract  with a local testing laboratory 
(Materials Testing Laboratory, Los Angeles). The analyzer identifies 
elements in  the surface of a fnaterial by studying X-ray patterns. 
Any 
the sample.  The SEM microscope will show surface erosion and any pa r -  ?-- 
If par t ic les  a r e  found embedded in  the 
f# Met a l l u r  g ic a1 exam ination s , inc luding har  dne s s , tens ile s t r eng th , and elongation, wi l l  be conducted on the aluminum. 
and mounted in a study of grain s t ruc ture .  No changes a r e  anticipated in 
any of these properties of the aluminum. 
Samples w i l l  be sectioned 
The facil i t ies to  be used a r e  all available at Hughes except the 
These facil i t ies a r e  as follows: microprobe analyzer.  
. .  
Gier -Dunkle integrating 
sphere 
Gier -Dunkle heated 
Hohlr aum 
P r o  filomet e r 
Scanning electron 
microscope 
Microprobe analyzer 
Instron t e s t e r  
5 . 7  EVALUATION PLAN 
Measures  diffuse reflectance 
1. 5 to  2. 5 microns  for  so la r  
absorptance calculation 
Measures  normal  reflectance 
1. 5 to 25 microns  for  emittance 
calculation 
Measures  surface roughness 
Study of surfaces,  high 
resolution with depth of field 
By X-ray pattern determines 
elemental  compo sition of surface 
mater ia l s  
Measures  tensile strength and 
elongation 
The data obtained for  the polished aluminum tube will be thoroughly 
evaluated according to  the plan described in subsection 2.  3. 7. 
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6. THERMAL SWITCH MIRROR 
6. 1 MIRROR DESCRIPTION 
The thermal  switch m i r r o r  is  a portion of a thermal  switch located 
on top of one of the two electronic compartments.  The switch controls the 
tempera ture  inside the compartment during both lunar  day and night. Dur- 
ing cooldown a t  night, the switch opens and minimizes  the heat flow out of 
the electronic compartment.  During lunar day, switch contacts a r e  closed 
and the m i r r o r  surfaces  (high emit tance)  radiate  heat.  
The m i r r o r  i s  a second surface type made by vapor depositing 
aluminum on the side of Vycor g lass  bonded to  the upper aluminum plate of 
the the rma l  switch. 
Vycor, reflected f r o m  the vapor deposited aluminum, and thus rejected.  
The low solar  absorptance surface minimizes  heat input to  the electronic 
compartment.  . The m i r r o r  i s  bonded to  the aluminum plate of the the rma l  
switch with a silicone adhesive. 
Incident solar  radiation is  t ransmit ted through the 
6 . 2  EXPECTED ENVIRONMENTAL EFFECTS 
It i s  anticipated that a m i r r o r  o r  section of a m i r r o r  will  have 
broken f r ee  at the bond line, and this  i s  what will be returned for  analysis.  
The probability is  high that the aluminum coating will have been removed in 
the breaking process .  
6 . 2 .  1 Dust 
Dust clinging to  m i r r o r  will reduce the t ransmiss ion  of the g lass  and 
can be removed by wiping. 
6 .  2 .  2 Micrometeoroids 
The flux of micrometeoroids  may have caused erosion of the surface 
Visually the g l a s s  may look "frosted", but this will not of the glass .  
necessar i ly  reduce t ransmission.  It would, however, increase  the 
scattering of the incident light. 
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6. 2. 3 Solar Ultraviolet Irradiation 
It i s  not known whether the long exposure period of the Vycor t o  
solar  ultraviolet will cause damage. If damage occurs,  it would reduce the 7 
t ransmission of the Vycor and most  likely impar t  a yellowish color t o  the 
glass.  
the micrometeoroids  would not remove the damage a s  suggested under the 
discussion of white paint (see 3. 2. 2). 
Since the ultraviolet deeply penetrates the Vycor, erosive action of 
6 .2 .4  Vacuum 
The exposure of the m i r r o r  to  vacuum should not cause any damage. 
However, the metallized coating will be examined to  see whether a change 
has occurred in the bond o r  in the thickness. 
6. 2. 5 Tempera ture  and Thermal  Cycling 
Thermal  cycling may cause lo s s  of adhesion of the aluminum to the 
Vycor. 
vaporization of the aluminum. 
m i r r o r  to  break f r ee  of the thermal  switch. 
would probably be at  the aluminum - Vycor interface.  
This would occur i f  the Vycor surface were  not clean pr ior  t o  
Thermal  cycling may have caused the bonded 
If so, most  of the separation 
.E 
6. 2. 6 Solar F la re s  
The effect of solar  f la re  radiation would be t o  reduce the t r ans -  
mission of the Vycor. 
dose i s  below the threshold f o r  optical damage. 
However, it i s  anticipated that the total absorbed 
6. 2. 7 Solar Wind Protons 
The low energy protons of the solar  wind a r e  deposited virtually 
at  the surface of the Vycor. 
although no laboratory experimental  data i s  available fo r  estimating the 
extent of this  damage. 
the Vycor, removing the low energy proton damage. 
They can cause increased optical absorption, 
The micrometeoroid flux may erode the surface of 
6 . 3  INITIAL RECEIVING AND HANDLING PRECAUTIONS 
I 
A section of the thermal  switch m i r r o r  will be returned in  a dust-free 
light-tight, sealed container. 
in a light-tight container, it should be repackaged on receipt a t  the Lunar 
Receiving Laboratory, minimizing expossure to  white light. A Hughes 
courier will receive the sample a t  Houston and deliver it t o  Hughes, directly 
t o  the clean room facility (Class  I, Grade B, Level 3, limited access) ,  
where it will be stored. 
If the sample i s  not returned f rom the moon 
Y P r i o r  t o  the init ial  survey operation, the sealed sample will be taken 
to  a laminar  flow bench equipped with red illimination and with the table top 
covered by teflon film. The investigator will remove the sample from i t s  
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sealed package and place it on the teflon film using clean plastic film gloves 
and tongs, taking'care to  touch the m i r r o r  only a t  the edges. Al l  tools used 
.to handle the m i r r o r  wi l l  be frequently rinsed with Freon.  
6 .4  PARAMETERS AND PROPERTIES TO BE TESTED 
The following a r e  the propert ies  of the Vycor thermal  switch mirror 
that will be measured  upon return to  earth: 
Solar absorptance (aluminum surface intact)  
Transmission (no aluminum) 
Normal (0.  2 t o  25. 0 microns)  
Total diffuse (0. 3 to 2.  5 microns)  
Surface roughness 
Presence  of condensed surface contamination outgassed from 
space craft  
Emittance 
6 . 5  INITIAL SURVEY OPERATIONS 
A visual inspection of the sample will be conducted, noting the 
For  example, general  appearance compared with an  unexposed m i r r o r .  
it will be noted whether the color and t ransmission of the Vycor has  changed 
and whether there  i s  frosting of the g lass  a s  evidence of erosion. 
graphs of the m i r r o r  will be made a t  this  t ime. 
Photo- 
A small  a r ea  near  one side will be wiped with a dry, white Kay Dry 
t issue and evidence of dust particles on the t issue recorded. The m i r r o r  
will then be examined microscopically. 
If the m i r r o r  i s  large enough, a water wipe and an acetone wipe will 
be made using Kay Dry t issue over different a r eas .  
the water wipe and solvent wipe will be analyzed by IR to  identify the func- 
tional groups present.  
of the wiped regions will be examined along with the center, untouched sec-  
tion. Evidence of coloration, pitting, embedding of particles,  and erosion 
will be reported. 
interesting s t ructure  o r  damage patterns.  
Condensate removed by 
The appearance of each wipe will be described. Each 
Microphotographs will be taken of a l l  regions showing 
6 . 6  PROCEDURES AND FACILITIES 
After the initial survey, detailed testing of the parameters  outlined 
in 6 .4  will be conducted t o  determine the changes in  the propert ies  of the 
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thermal  switch m i r r o r  during exposure to  the lunar environment. These 
tes t s  a r e  s t ructured so  that maximum information will be obtained on the 
degree of change in the m i r r o r  and the environmental factors  responsible 
for  the observed changes. 
The solar absorptance of the m i r r o r  will be  measured if  the vapor 
deposited aluminum surface i s  intact. A t es t  sample 1 by 3/4 inches will be 
cut f rom the returned sample for  this measurement,  which will be conducted 
in the Gier-Dunkle integrating sphere.  
The next test will be of the t ransmission of the Vycor. A t e s t  
sample 1 by 1 inch will be cut from the returned m i r r o r  in a region where 
the aluminum has been removed. 
a s  a resul t  of the lunar environment, a tes t  sample will be cut and aluminum 
removed by a light acid etch. 
m If no aluminum i s  missing f rom the m i r r o r  
Two transmission t e s t s  will be conducted. A normal  measurement,  
measuring only the light t ransmit ted straight through the Vycor, will be 
made on a Beckman DK-2 spectrophotometer. Next, using the Gier-Dunkle 
integrating sphere, a measurement  will be made of the diffuse t ransmission.  
This i s  a measure  of a l l  light energizing f rom the opposite side of the glass 
regardless  of direction of t rave l  as it emerges.  These tes ts ,  solar  absorp-  
tance and transmission, will measu re  the degree of radiation-induced optical 
damage a s  well a s  the effect of micrometeoroid erosion. 
the Vycor glass  will be measured using the Gier-Dunkle heated Hohlraum. 
The emittance of 
The surface roughness of the thermal  switch m i r r o r  w i l l  be measured  
using a profilometer. 
micrometeoroids.  
scanning electron microscope. 
Tes ts  can be conducted to  determine elemental  composition of the observed 
surface. 
Again, this will indicate degree of surface erosion by 
The surface of the glass  will next be examined by the 
Degree of surface erosion will be noted. 
If sufficient glass  is returned, a n  additional test  that can be conducted 
It i s  not anticipated that any changes will occur in  the mechan- 
is a measu re  of the mechanical propert ies ,  tensile o r  compressive strength,  
of the Vycor. 
ical  strength of the g l a s s .  
machine. 
This tes t  would be conducted in  the Instron tes t  
The facilities to be used in  testing the Vycor m i r r o r  a r e  all available 1 
a t  Hughes. These facil i t ies are as follows: 
Gier -Dunkle integrating 
sphere 
Measure reflectance f rom 
0. 3 to  2. 5 microns  for calcula- 
tion of solar absorptance 
Measures  diffuse t ransmission 
over same wavelength region 
Beckman DK-2 
spectrophotometer 
Measures  normal  t ransmission 
f r o m  0. 2 to  2. 5 microns 
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Gier -Dunkle Hohlraum Measures  normal  reflectance 
f rom 1. 5 to  25 microns for  
calculation of emittance 
P r o  filomet e r 
Scanning electron 
mic ros  cope 
Instron tes te r  
6 . 7  EVALUATION PLAN 
Measures  surface roughness 
Used to  obtain high resolution 
of surfaces t o  study s t ruc tu re .  
Also determines elemental  
composition of surfaces  
Measures  mechanical 
properties of mater ia ls  
The data obtained f o r  the thermal  switch m i r r o r  will be thoroughly 
evaluated according to the plan described in subsection 2 .3 .  7. 
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7. KAPTON 
7.1 DESCRIPTION OF KAPTON 
Kapton, a plastic film, is coated with vacuum deposited aluminum 
On Surveyor, the to function a s  a second surface thermal  control coating. 
k.apton side i s  exposed to direct  sun, space radiation, thermal  cycling, and 
the general  lunar environment. 
electronics compartments. 
from which the kapton sample was removed so  that i t s  exposure to space 
radiation can be determined. 
The kapton i s  located around the edge of the 
It is important to determine the exact location 
7 . 2  ANTICIPATED ENVIRONMENTAL EFFECTS 
7. 2. 1 Dust 
The presence of dust will  increase  surface absorptance. Dust may 
be present  on the surfaces  prior to  recovery o r  deposited during recovery 
and t ransmit ted to the protective container. Since the dust, if present,  
will be on the surface, it can easily be identified by visual examination. 
7. 2. 2 Micrometeoroids 
The flux of micrometeoroids m a y  erode the surface, may embed 
in the surface, o r  both. This will change the optical character is t ics  
of the surface, including the solar  absorptance. 
7. 2. 3 Solar Ultraviolet Radiation 
Hughes Laboratory tes t s  have shown that ultraviolet radiation does 
not significantly change the solar  absorptance of kapton. 
7. 2.4 Vacuum 
Vacuum exposure may  cause some gradual depolymerization. The 
physical character is t ics  such a s  tensile strength and flexibility should 
indicate the extent of the effect of vacuum on kapton. 
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7 .  2. 5 Temperature  and Thermal  Cycling 
Thermal  cycling may embrit t le the film and cause the formation 
of minute f issures .  
would not be likely t o  propagate. 
Since the fi lm was not flexed during life, small  cracks 
7. 2. 6 Solar F l a r e s  
The solar f l a r e  radiation dose will be much lower than that necessary 
to  damage kapton. No direct  effect is anticipated. 
7 .  2. 7 Solar Wind Protons 
The effect of solar  wind protons (about 1 kev) has not been 
established. 
the optical absorptance of kapton in the ultraviolet and visible portion of 
the spectrum. Thus, changes due to  solar  wind protons may be expected. 
The effect would be in a very thin surface layer  and might be modified by 
the micrometeoroids  of the combined environment. 
Recent Hughes t e s t s  have shown that 140 kevprotons do change 
1 
7 . 3  INITIAL RECEIVING AND HANDLING PRECAUTIONS 
A piece of kapton coated with vacuum deposited aluminum will be 
returned by the astronauts in a dust-free light-tight, sealed container. 
the sample i s  not returned f rom the moon in  a light-tight container, it 
should be repackaged upon receipt of the LRL minimizing expossure t o  white 
light. 
thermal  switch described in 6 .3 .  
If 
The handling a t  Houston and a t  Hughes will be s imilar  t o  that f o r  the 
7 . 4  PARAMETERS AND PROPERTIES TO BE TESTED 
The following propert ies  will be measured  on the returned piece of 
kapton film: 
Solar absorptance 
Emittance 
Transmission (ultraviolet, visible and I R )  
i Tensile strength Elongation Tear  res is tance Dependent on sample size Y 
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The number and extent of these tes t s  will  be determined by the s ize  
of the returned sample. 
be made will be determined. 
above will be examined. 
Once the amount of ma te r i a l  i s  known, the t e s t s  to  
A s  a minimum, the first t h ree  i t ems  l isted 
7 . 5  INITIAL SURVEY OPERATIONS 
P r i o r  t o  the initial survey operation, the light-tight container will be 
t r ans fe r r ed  to the laminar  flow bench which i s  illuminated by red  light$ 
The light-tight container will be opened by the investigator wearing clean 
plastic film gloves; equipped with tongs, he will remove the kapton. Five 
1 by 3/4 inch samples will  be cut f rom the kapton and sealed in  individual 
dust-free plastic bags. 
package for  optical testing. The remainder  of the fi lm will be sealed in  a 
dust-free plastic bag and stored for tensile,  tear ,  and other physical t e s t s  
following the initial survey operations. 
These samples will be returned to  the light-tight 
The general  appearance of the remaining kapton will be noted under 
white light illumination and compared with a n  unexposed sample of kapton/ 
VDA. F o r  example, the clar i ty  of the kapton film, its color, the appearance 
of the surface, and the condition of the aluminum coating will be noted and 
reported.  Photographs will be taken as  necessary .  
A smal l  a r e a  near  one side will be wiped with a dry, white Kay-Dry 
t i s sue  and evidence of dust par t ic les  on the Kay-Dry t issued noted. 
sample will then be examined microscopically.  
taken of the surface if damage is  apparent.  
The 
Photomicrographs will be 
Another smal l  edge a r e a  will be wiped with a Kay-Dry t i s sue  wetted 
with water  and deposition on the paper noted and recorded. 
t issue wetted with acetone will be used to  wipe a f r e sh  a r e a  of the surface 
near  a n  edge and the pickup of par t ic les  noted. 
of organic ma t t e r  will be reported.  Samples of organic deposition will be 
collected and IR spec t ra  obtained t o  determine what functional groups 
a r e  present .  
A Kay-Dry 
Any evidence of deposition 
7 . 6  PROCEDURES AND FACILITIES 
The most  important questions about the kapton concern changes in 
its optical propert ies  af ter  2-1/2 y e a r s  on the lunar surface.  
absorptance of the kapton samples will  be measured  in  the Gier-Dunkle 
integrating sphere.  
will be minimized. 
The solar  
White light reaching the sample pr ior  to the measurement  
*See 3 .  3 on requirements  for red  light illumination of optical sample. 
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The aluminum will be removed f r o m  one of the cut samples  by a 
light acid etch. 
be measured  on a Beckman DK-2 and a Perk in-Elmer  IR spectrophotometer.  
These two tes t s  will determine the effect of solar  radiation on the optical 
p roper t ies  of kapton. 
s t ruc tura l  changes in the kapton. 
Dunkle Hohlraum. 
The visible and infrared t ransmiss ion  of this sample will 
Changes in the IR would a l so  indicate chemical 
Emittance will be measured  in the Gier -  
If sufficient ma te r i a l  is  available, a se r i e s  of tes t s  including tensi le  
strength, elongation, and t ea r  res i s tance  will be conducted on the mechani- 
cal  p roper t ies  of the kapton. These t e s t s  will all be conducted on the 
Instrom tes te r .  Adherence of the aluminum coating to the kapton will be 
determined using the standard tape t e s t s  identified in the Hughes Mater ia l  
Specification for aluminized kapton. 
studied using the scanning electron microscope.  
The surface of the kapton may be 
The facilities to be used in this study of kapton a r e  ail available a t  
Hughes, as follows: 
Gier -Dunkle integrating 
sphere for  calculation of solar  
Mea su r  e s spec t ra l  reflectance 
absorptance 
Beckman DK-2 
spectrophotometer 
Perk in  -Elmer  IR 
spectrophotometer 
Measures  t ransmiss ion  f r o m  
0 .2  to  2. 5 microns 
Measures  t ransmiss ion  f r o m  
1 . 5  to  25 microns  
Gier  -Dunkle Hohlraum Measures  normal  reflectance 
f r o m  1. 5 to  25 microns  for  
emittance calculation 
Instron t e s t e r  
Scanning electron 
mic ro  scope 
Measures  mechanical proper t ies  
such as tensi le  strength 
High resolution viewing of 
surfaces  
1 
7 . 7  EVALUATION P L A N  
The data obtained for the vapor deposited aluminized kapton film 
will be evaluated according to  the plan descr ibed i n  subsection 2. 3 .  7. 
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APPENDIX A. DESCRIPTION O F  THE LUNAR ENVIRONMENT 
INTRODUCTION 
In order  to properly analyze the Surveyor components re turned by 
the Apollo 12,mission, i t  i s  necessary to determine the environment to 
which the Surveyor I11 was subjected. 
environment a r e  discussed in the following sections. 
is  given for applicable sections. 
Major components of the lunar 
A par t ia l  source l ist  
THERMAL ENVIRONMENT (References 1 through 3 )  
Measurements of the lunar surface temperature  a s  a function of phase 
angle indicate that the temperatures  on the lunar equator vary f rom approxi- 
mately 240" t 0 . 2 6 0 " ~  a t  lunar noon (noneclipse) to approximately -250  F a t  
lunar midnight. Actual temperatures  vary slightly with surface character-  
is t ics ,  such a s  the thickness and composition of the dust layer; but these 
temperatures  a r e  considered good approximations. Reference 3 indicates 
the temperatures  seen by Surveyor I11 may have dropped to approximately 
-280°F just  before lunar sunrise. 
The expected lunar surface brightness a t  touchdown of Surveyor I11 
was about 0°F. 
lunar temperature  rose  to over 200°F within 6 ear th  days af ter  touchdown, 
when camera  operations were  discontinued. Within this period, a total  
This was confirmed by camera  temperatures.  The peak 
eclipse of the sun occurred, durin 
f rom over 200°F to less  than -100 
in  about 6 hours.  
which the surface temperatures  dropped 
and then rose  back again to over 200" , 
VACUUM 
The lunar surface i s  a hard  vacuum environment. P r e s s u r e  is con- 
sidered less  then 10-11 Tor r .  
A -  1 
ELECTRCIMAGNETIC RADIATION (Reference 4) 
The sunlight environment is mentioned just  in passing. I t  is Tp 
estimated that a photoelectric cur ren t  of about 10-8 amp/cm2 is produced 
by sunlight a t  1 AU f rom most  metall ic surfaces.  The solar  wind cur ren t ,  
for comparison, i s  amp/cm2. The solar  electromagnetic radiation 
environment is descr ibed in  Table A-1. 
The ultraviolet spec t rum base on the solar  constant a t  1 AU of 
0. 14 watt/cm2 is summarized in Table A-2. 
tfl 
SOLAR FLARE (References 4-6) 
Solar f lare proton events occurring during the upper half (1956-1962) 
of the nineteenth solar  cycle have been analyzed by severa l  investigators. 
F r o m  Webber 's  data (References 5 and 6 ) ,  the total  proton fluence of the 
nineteenth cycle has  been presented by 
2 p / c m  , E i n  Mev 12 53 +sp (>E) = 1.5  x 10 
Analysis of f la re  particulate radiation indicates that the alpha 
particle-proton rat io  is approximately 0. 1. 
particle spec t rum for the nineteenth cycle i s  given by 
An estimate of the total  alpha 
2 a/cm , E in Mev -1.53 +cr(>E) = 7.5 x lo1' E 
TABLE A-1. SOLAR ENERGY DISTRIBUTION 
Far ultraviolet 
Near ultraviolet 
Visible 
Near infrared 
Infrared 
Far infrared 
0 
Wave Length, A Percent  of Total  Energy 
1 to 2,000 
2, 000 to 3, 800 
3 ,  800 to 7, 000 
7,000 to 1 0 , 0 0 0  
1 0 , 0 0 0  to 20,000 
20,000 to 100,000 
0.02 
7. 28 
41.51 
22.1 
22.97 
6. 0 
I 
A-2 
TAB LE A-2. ULTRAVIOLET RADIATION SPECTRUM AT 1 AU 
0 
Wavelength, A Fraction of Total Energy Below hc/h 
1 .0  
10 
100 
500 
1000 
1500 
2000 
2500 
3000 
4000 
5000 
10-l1 
10- 
1.3 
1 . 2  x 
9.0 x 
2 .4  x 10-1 
3 
6 
8 
l o 2  - 10 
l o 5  - 10 
l o 7  - 10 
1 o8 
1 o8 
109 
9 
10 
11 
12 
13 
4.0 x 10 
6 . 0  x 10 
5 . 0  x 10 
4 . 0 ~ 1 0  
1.1 x 10 
The presence of heavier nuclei has been reported by severa l  
investigators. Such contributions are probably quite small, however. 
Electrons in solar f lares  have also been observed, but little information i s  
available on energy and fluences of the solar f lare  electrons. 
number of electrons is believed to be emitted with the positively charged 
components a s  a sor t  of plasma cloud. 
siderably less  than the proton energies. 
An equal 
Electron energies a r e  probably con- 
Hughes is  presently seeking data on twentieth cycle solar  f lare  events. 
Several  f lares  a r e  known to have occurred since the Surveyor 111 mission. 
However, data have not yet been obtained on the composition of these particu- 
late events. 
GALACTIC RADIATION (Reference 4) 
This is  a minor contributor to the lunar environment. Galactic 
radiation intensity i s  estimated at  approximately 4 particles/cm2- sec.  
A- 3 
Galactic radiation consists pr imari ly  of protons and alpha particles 
with some heavier positive nuclei, electrons,  and protons. The galactic 
The 
particles of lower energies a r e  affected by solar activity. 
particles have energies estimated a t  approximately 108 to 1019 ev. 7 
SOLAR WIND (Reference 4) 
The solar wind is a plasma emitted more  o r  less  continuously by the 
Electrons have 
The proton 
sun. 
(<1 percent) alpha particle component m a y  also be present. 
indicate the cloud should be approximately electrically neutral. 
density i s  probably about 1 to 1O/cc a t  1 AU. The directed velocity of the 
plasma cloud i s  ra ther  high, varying f rom about 300  km/sec  (quiet sun) to 
about 1000 km/sec  (active sun) a t  1 AU. 
thermal  energies of about 1 to 10 kev corresponding to thermal  velocities 
of about 100 km/sec  a t  1 AU. 
The only particles definitely identified a r e  protons, although a sma l l  
been harder  to detect, but theories on the nature and origin of the plasma B 
The protons in the solar  wind have 
There  is considerable variation in the solar wind in both particle = 
energies and fluences. 
50  percent have frequently been observed. 
between quiet sun and active sun periods. 
Short- term (on the o rde r  of minutes) fluctuations of 
Greater  variations a r e  observed 
METEORITES (References 1, 7, and 8 )  
NASA defines the maximum cometary meteoroid f l u x  a s  one 
impact/m2/sec,  corresponding to particle weights of 
of 1. 94 x 10-5 c m  diameter.  
for magnesium and aluminum in the lunar atmosphere i s  calculated a t  
1 .5  x 10-13 cm/sec .  
a r e  1 to 2 x 10-13 gm/cmz-sec.  
to 10-11 g rams  
Based on this information, meteoroic erosion 
The r a t e s  for corpuscular sputtering and sublimation 
This i s  not the whole story,  however. I t  i s  estimated that 99  percent 
of the meteoric  m a s s  which impacts on the moon consists of dust balls with 
m a s s e s  less  than Except for the case  where the lunar surface 
ma te r i a l  i s  such that particles penetrate the mean surface to a depth of 
many particle diameters  before coming in contact with lunar mater ia l ,  the 
m a s s  of ma te r i a l  excavated i s  three to five o rde r s  of magnitude greater  
than that of the pr imary  impacting meteoroids. 
secondary ma te r i a l  will, a t  most,  double the m a s s  of the lunar ma te r i a l  
estimated. 
gram. 
Adding the effects of 
The velocities of most  secondary particle population is much less  
than the velocity of the p r imary  meteoroid particles.  However, secondary 
cause production of te r t ia ry  particles.  
particles with velocities of 50  to 100 m / s e c  a r e  sufficiently energetic to lif 
A-4 
Hence, damage f rom secondary and te r t ia ry  dust particles must  be 
considered along with the effects of pr imary  meteoric  impacts to obtain the 
total picture. 
COMMENTS 
A l i terature  search  i s  presently under way to update Hughes' know- 
ledge of the space environment, pr imari ly  in t e r m s  of solar f lare  effects. 
By the t ime the analysis of the Surveyor I11 components i s  completed, i t  is 
expected that the environment and environmental effects will be better 
defined. 
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1.0 SCOPE 
T I T L E  
Flight AcceFtance and Type Approval Test Specification 
and T e s t  Procedure for  Surveyor Television Survey Camera 
SURVEY 0 R LA BO R ATOR Y 
HUGHES AIRCRAFT COMPANY 
1.1 General: This specification defines the  f l i g h t  acceptance (FAT) 
and type approval (TAT) tests and t e s t  procedures Tor the Survey TV Camera. 
cable requirements of Surveyor System f inc t iona l  Requirements Specification 
224510. Those tests t o  be performed on TAT but not on FAT will be so de- 
noted with the statement "TO BE PERFORMED ON TAT ONLY." 
It i s  intended that t h i s  series of tests demonstrate compliance with the  appli-  7 
NUMBER 
232998 
RE V I S I O N  MODEL 
.D 
1.2 Test Conditions 
I SPACE SYSTEMS DIVISION B - 4  
1 .2 .1  Atmospheric Conditions: Unless otherwise specified, a l l  
t e s t s  sha l l  be performed under the following conditions of temperature, pres- 
sure ,  and humidity: 
P A O E  4 of291 ~ A O E ~  
(a )  Temperatures (50 t o  9 5 )  *; . 
(b) Pressure =760 +38 mm of Hg 
(c)  Relative Humidity = less than 90 >ercent 
1.2.2 Test Sequence: The sequence of tes ts  as given i n  the sub- 
sequent uaragraphs of t h i s  specification sha l l  be the sequence t o  be followed E 
with the exception tha t  the vibration test  (6.1) and thermal-vacuum tes t  ( 6 . 3 )  
may be interchanged i n  FAT only. 
1.3.3 Re-tests: When a mallfunction i n  a tes t  occurs, it may 
necessitate repet i t ion of certain pr ior  t es t s .  I n  such cases, the  decision o r  
the  responsiole uni t  tes t  engineer as t o  which tes ts  are t o  be repeated sha l l  
prevail ,  except t h a t  i n  those cases where the malfunction meets the  definit ion 
of a ra i lure  as given i n  paragraph 1.3: Failure Review Board procedures sha l l  
WnlY 
1.2.4 Test Data 
1.2.4.1 Data taken during tes ts  Ehall be reccirded on a 
reproducible form i n  sof% pencil o r  opaque black ink. 
1.2.4.2 Indication of the  acceptance by Quality Control of 
the  t e s t  data for  each qarameter sha l l  be recorded on the reproducible data 
sheet.  
1.2.4.3 Copies of the  completed data sheets sha l l  be dis- 
t r ibuted i n  accordance with applicable Quality Control procedures and, i n  addi- 
t ion ,  three (3) complete sets of reproducible data sheets representing a l l  
the  data specified i n  paragraph 1 .4  sha l l  be forwarded t o  the Surveyor 
Document Control Center. 
1 
1 .  2 .  4. 4 Complete original data sheets shall be placed 
in a unit log book and stored in a fi le cabinet. 
T I T L 8  
Flight' Acceptance and Type Approval Test  Specificati'on 
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1. 2. 4. 5 All  photographs taken during the t e s t s  shall be 
retained as  a p a r t  of the unit log book. 
NUY0.R 
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1. 3 Failures:  Fa i lures  a r e  defined as being performance not within 
the range of allowed acceptance values,  subsequent to initial compliance. 
1. 4 Unit Data Package: The unit data package accompanying each 
camera  shall consist  of the following: 
1. 4. 1 Chassis Data 
1. 4. 1. 1 Vidicon Faceplate Temperature  Readout Calibration 
Sheet (voltage ve r sus  F). 0 
1. 4, 1. 2 oCamera Electronics Temperature  Readout Calibra- 
tion Sheet (voltage ve r sus  F). 
1. 4. TV (15) Electronics Temperature  Sensor Calibra- 
tion Data (ohms ve r sus  C),  
1. 4. 1. 4 White Level Clamp Voltage, obtained f rom the 
Test  Procedure,  Specification, and Data Sheets for  the 283650 chass i s  (A5) .  
1.4.  1. 5 Vendor Calibration Certificate Electronic 
Temperature Sensor. 
1. 4. 2 Shutter Data 
1.4.2.  1 Shutter Calibration Sheet (exposure t ime at  three 
points in format at  t28,  t 2 2 ,  and t16.  5 f 0 . 5  volts). 
1.4.  3 Lens Data 
1.4.  3. 1 Bell & Howell Flight Acceptance Tes t  Data Sheets. 
1.4.  3.2 Focus Distance (feet) versus  Position Voltage 
Ratio (output voltage to calibration voltage). 
1.4. 3. 3 Iris Setting (f/stop) versus  Position Voltage Ratio 
(output voltage to calibration voltage). 
1.4. 3 . 4  Focal Length (mm) versus  Position Voltage Ratio 
(output voltage to calibration voltage) - For  2 5  mm and 100 mm end stops only. 
1. 4. 4 Vidicon Data 
1. 4. 4. 1 Reseau Mapping (Accuracy: k5 microns)  
1. 4. 4. 2 Acceptance Test  Data pe r  vidicon t e s t  
specification 988925- 1. 
1. 4. 5 Mi r ro r  Assembly Data 
1. 4. 5. 1 Mi r ro r  Flight Acceptance Tes t  Data. 
1. 4. 5. 2 F i l te r  Wheel Position (f i l ter  segment) ve r sus  
Position Voltage Ratio (output voltage to calibration voltage). 
1. 4. 5. 3 
(ohms v e r s u s  "C) - not applicable to 283712. 
TV Hood Temperature  Sensor Calibration Data 
1 . 4 .  5. 4 Vendor Calibration Certificate T.  V .  Hood 
Temperatur.e Sensor. 
1 . 4 .  6 Flight Acceptance o r  Type Approval Test  Data ( a s  
applicable) . 
1.4. 6. 1 Flight Acceptance and Type Approval Test .  
Specification, 232998. 
1 . 4 . 7  Camera Data 
1 . 4 . 7 .  1 Camera  pre-FAT Cryogenic-vacuum test  data. 
1 . 4 .  7 .  2 Camera weight. 
HUCHIS AIRCRAFT COWAWY 
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2.0 APPLICABLE m S  (Reference Only) 
2.1 Surveyor Systems Functional Requirements, 224510. 
2.2 Bell  & Howell Flight  Acceptance Test Da,h (HAC No. t o  be 
supplied). 
2.3 Vidicon Specification, 988925-1. 
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3.0 EQUIPMENT 
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3. 1 Tes t  Item: TV Survey Camera 
233112 Basic,  -1 ,  - 2 ,  - 3 ,  -4, - 5 ,  - 6 ,  - 7  
283712 Basic,  -1 ,  - %  
284312 Basic,  -1, - 2 ,  -3 ,  -4, -5 :  - 6  
3. 2 Test  Equipment 
3.2.1 A TJr System Tcst Position shali be required t o  per-?om 
thc tes t s  ir, t h i s  r:)ecii'ication. The t es t  positiciri conrists of t he  following 
mj or  urii t E : 
3.2 . i .2  
or E242976. 
3.2.1.3 
j .2 .i .5 
E242970. 
3.2.1.6 
3.2.1.7 
:. .2 .I .? 
3.2.1.9 
? 
e Monltor, Comumnd Generator FAC No. ~24.2926, 
Panel, Test Point, HAC i b .  E242930. E2k2937. 
Panel, SFnc Separator, HAC 110. E24291-. 
Monitor, Conrac TV, Model CSS-6. 
Panel, Bridge, Tcmperature Semifig HAC No. 
Panel, TV Monitor Ii-iFUt. 
Voltmeter, Digi ta l .  ITLS Model 4 8 4 ~ .  
mt:. HP Elodei b 1 m .  
Supply, Pover, Power I>e,-igns Model 3650. 
5 -2.1.10 Suppl-y, Power, Power Designs Model 5 0 i 5 A .  
3.2.2 I n  addition t o  the  t e s t  -Fosition, Table 1 l i s t s  3y naragrayh 
the  cuqA.ementary t e s t  equi-ornent required t o  !ierl'orm each tes t  i n  t h i s  
specifizztion. 
232998 Flight Acceptance and Type Appro\-a1 Tes t  Specification 
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Table 1 
Item 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
Suggested Test Equipment (Equivalent Acceptable) 
Regulator, A/C voltage, So rmson  3000s 
Fi l te r  with pattern ND 3:B 
Camera,  Polaroid 110A 
Lens,  closeup, Polaroid 
Oscilloscope, Tektronix, model 535A 
Plug-in, Tektronix, type Z 
Camera,  scope, Tektronix, model C- 12 
F i l te r ,  HACNo. 275567-100 
Light box, variable intensity, HAC No. 264821 -100 
Photometer,  Spectra* 
Brightness source,  Spectra,  9 f t- lamberts 
Transformer,  Variac,  0-140 vac, model W-20-M* 
Counter, frequency, Beckman, model 7360 
Ammeter ,  clip-on, HP  model 428A (TAT only) 
Tripod, Majestic 
Tes t  pat terns ,  slide, 11" x 14" 
horizontal resolution, 200 lines 
horizontal resolution, 300 lines 
horizontal resolution, 450 l ines 
horizontal resolution, 600 lines 
ver t ical  resolution, 200 lines 
ver t ical  resolution, 300 l ines 
ver t ical  resolution, 450 lines 
ver t ical  resolution, 600 lines 
iris setting 
F i l te r ,  Wratten, N. D..0.30,  No. 96 
-Vibration equipment (amplifier, exciter,  etc) 
Voltmeter,  VTVM model 400D 
Vizicorder, Honeywell, model 906B 
Counter, frequency, HP  model 521A 
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No. 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
Suggested Test  Equipment (Equivalent Acceptable) 
42 I 
I TITLE 
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Accelerometer ,  Endevco . 
Camera,  dynamic model, survey (TAT only) 
Fixture,  tent, vibration, HAC No. 1017285 
Chamber, thermal-vacuum, HIVAC 2 
Recorder,  temperature,  Brown 
Gauge, ionization, type GIC 100 
Transformer ,  Variac,  type V5 
Thermocouples, copper -constantan 
Fixture,  thermal-vacuum, HAC No. SP199229 and associated 
i tems (Figure 14) 
Mu-metal Shield SP 167 19 1 
Collimator P / N  E249660 
Collimator P / N  SP 
Y U Y B I R  
232998 
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Input source for this tes t  equipment must  be an AC regulated supply 
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Table 1 (Continued) 
Test Equipment Us age 
5.1 
& 
1 
KGi 
1 1  
1 7  
8 
9 
10 
11 
12 
113 
23  
124 
'2 5 
'2 6 
130 
I34 
131 
132 
133 
5.2 5.3 
i 
I 
I t 
I 
i 
1 
1 
1 
1 
I 
i 
I 
1 ;  
: 
1 
i 
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- 
5.4 -
- 
5.5 -
1 
1 
1 
1 
1 
1 
- 
1.6 - 
1 
1 
1 
1 
1 
1 
1 
1 
I 
- 
5 . 7  
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
.9 - 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
Para 
,10 1 
-
-
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
. 
1 
raph 
1.11 - 
2 
2 
1 
1 
1 
1 
1 
1 
1 
- 
i.12 - 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
- 
i.13 -
1 
1 
1 
1 
1 
- 
- 
5.15 -
1 
1 
1 
1 
1 
- 
6.1 - 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
D 
6.; - 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
- 
6 . :  - 
1 
1 
1 
1 
1 
1 
1 
1 
1 
4 
1 
1 
6.4 - 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
4.0 TEST ITEM CONNECTIONS 
r 
Connector/ 
179/18051 , Minimum 1 Nominal I M a x i m u m  -1 Pin Voltage Level I 
4.1 Power Inputs: Unless otherwise specified, the voltages applied 
t o  the camera shall be the values l i s ted  i n  the”nominai’co1umn of 
Table 2. 
t o  wi th in  1 percent of the values.  
The t e s t  position power supplies shall be readjusted, SB required, 
-? 
8 
16 
2 1  
-- e- -- S/C + 22 vdc i n p u t  ret. 
-- -- -- S/C +29 vdc input re t .  
16.9 22.0 27.3 S/C +22 vdc unregulated 
- 
input 
29- 3 33 S/C +29 vdc regulated 
input 
4.2 Command Inputs: The camera shall  respond correct ly  when a 
simulated spacecraft command a8 i l lustrated i n  Figure 1 i s  applied i n  the = 
correct sequence t o  the proper pin i n  Table 3. 
of a command resul t ing i n  the tr iggering of a second command function shall 
be noted on t e s t  data sheets. 
also be noted on test data sheets. 
Instances of the application 
Spurious tr iggering of a command function shall 
4.3 Terminations: Unless otherwise specified, the impedance terminating 
the pins of 179/18OJl shall be as specified i n  Table 4. 
4.4 Signals Monitored: During the tes t ing  several signals and voltages, 
generated within the tes t  unit, are monitored t o  ver i fy  proper operation of 
the camera. These signals and voltages are l i s ted  i n  Table 5. 
SURVEY OR LA BO RATORY 
HUGHES AIRCRAFT COMPANY - 
Y 
0.1 r+ msec minimum 
+ 2.0 msec maximum 
Output “*rent 25 ma into LOO0 ~h load to grounc. 
l o r ’  ia2omizLioi; only :  1. Open c i r cu i t  voltage nay $e 
as high as 30 v o l t s .  
2. Short circuit current mqy be 
as nigh as is ma io grcua3. 
3 .  Staidby current (-%) i s  a re i rerx 
biased diode leakage cur ren t  
3igure 1. Cornnand Xaveform 
8 
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Table 3 
I 
I 
i 
! 
1 
i 
I 
1 
I 
1 
i 
I 
I 
! 
1 
2 
3 
4 
5 
0 
1 
'i 
6 
. 9  
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
I 
I 
j 
I 
I 
I 
I 
! 
I 
i 
I 
I 
! 
! 
I 
i I 
I 
I Sonnector/Pin 
17 9/180 52 Cornand ilescription 
r 
Stan t  frame 
Power ON 
Power OFF 
3nergency node GN 
Step mi r ro r  iUWT 
Step r a i r r o r  U i ' T  
Step mirror UF 
Step m i r r o r  W:21 
Iris servo 0ii 
Step i r is  OPdI 
Step i r is  CLOS53 
Set 25 mm focal length 
Set 103 mm focal  length  
Step 2'ocus IT; 
Step i'ocus OUT 
Step f i l t e r  wheel 3; 
Step r'Ylter whezl Cat: 
Two s tep  m i r r o r  S C A T  
~ J O  s t e p  mirror LEFT 
I k l t i p l e  s tep  focus OUT 
14iLt.iple s tep Zocus Iiii 
Thne exposure node OX 
Time exposure mode OF? 
Vidicon temperatuvle control ON 
Vidicon temperature control OFF 
Snutter inh ib i t  override 
Vidicon survival heater 
81 
Y 
SURVEYOR LABORATORY 
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Lr 
Table 4 
WUYDRR T I T L E  
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1 
b 
2 
7 
9 
10 
17 
18 
19 
22 
24 
26 
30 
34 
36 
37.4 K f 14 i n  pa ra l l e l  with 250 pf 
37.4 K f 18 I n  ps ra l l e l  with 250 pf 
510 K returned t o  regulated -25 vdc 
510 K returned t o  regulated -25 vdc 
510 K returned to regulated -25 vdc 
510 K returned t o  regulated -25 vdc 
510 K returned to regulated -25 vdc 
33 K 
510 K returned t o  regulated -25 vdc 
510 K returned to  regulated -25 vdc 
510 K returned t o  regulated -25 vdc 
Impedance as i l l u s t r a t ed  i n  Note 2 
10 K i n  series with a l3i755A zener diode 
1 K i n  series with a 1N755A zener diode 
Note 1: All impedances specified are 8 8  
measured from the indicated 
connector/pin of 179/18051 t o  
179/18m-16 (29 vol t  return) and 
are f 5 percent unless otherwise 
specified. 
Note 2: 
Impedance as -e 
viewed by 
179/18031- 30 
TABLE 5 
_ _ ~  _ _ ~  ..I__ 
7 1 
9 
0 o r  +4.85 j Frame I D  focs l  length position 
.- . .. .... .-+ . I 
I i 0 t o  +4.85 ! Frame I D  iris posit ion 
-. -7 ........... _-_. __ . __ .. t . . . . .  __ - ........ .. I 
! 10 ; 0 o r  +4.0 Frame I D  i r is  servo OFE'/ON 4 .-* .... --_- ~ . . . . . . . . . .  
ll ...... 0 or +25 . . . i  i Camera o m / ~ ~  Signal . . . .  
~ : _ _ _  . . . . .  
T C 8 t  
Description pasagcrsph 1 Nominal Voltage 1 Connector 
1 (Rei. odly) 
L I 1 
5.13 
5.13 
5 -6 
5 *6 . 
- -. . 
j I (between -30 j temperature output 
t . 1.. j and . . .  +160oF) . - -?  1 . . .......... __ ........... 
Frame ID f i l t e r  wheel posit ion 
-. - . -- . -_ ......... 1. 0 t o  +4.85 ! __ 
. .  0 o r  +5.0 ; Frame I D  time exposure OFF/ON 
~ +11 pulse : Horizontal blank pulse (emer- 
I 
i 26 
L.... c . . . . . . .  
I 27 
28 
I 
. . ....... 
i 
+11 pulse Horizontal blank pulse (normal) 
30 +25 pulse Video Gate 
*31 Resistance TV hood temperature 
. 4-- 
t o  pin 35 
t o  pin 35 j temperature 
Resistance ~ ( 1 5 )  camera electronics 
+1.6.5 pulse I Transmitter ON 
. . . .  ._ ...... - ...... ...... ...... - .  
___._I + .- -.-  - - - 
Resistance t o  
pin 31 and 32 
j TV(l5) and hood temperature 
signal return 
. . . .  _I__--.- . ............... ~ c 
- . . _  
T l T L L  
5.13 
. -. -. - 5 *6 . . .  - - -  
. . . . . .  - . - - - 
'5.6-1 
5.3 
5.3 
. . 5.6 - - 
I 
-_I- 
5.3 . 
- 
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5. 1 Initial Tes t  Preparat ion 
5.1. 1 A cryogenic-vacuum test  must  be performed on the camera  
pr ior  to FAT. 
ture  must  be reduced to -150" f 10°F  and the pressure  reduced to 5 1 x 
Hg in a vacuum chamber. 
ture  sensor  r e s i s to r  (measured between 179/180J1-32 and 179/180Jl-35) taken 
an  hour apar t ,  to indicate that the camera temperature has stabilized, apply 
chassis  heater power (connect J1-12 to J1-8 using a jumper wire) and confirm 
heater operation. The t 2 2  and t 2 9  line voltage between 179/180Jl-21 and 8 
and 179/180J1-33 and 16 respectively, shall be set  to nominal ( see  Table 2) 
fo r  this test. At the same time raise the camera  case temperature to - 2 O o ( t 5 " ,  
- 1O")F.. When the camera  electronics temperature is - 2 0 " F ,  remove the 
jumper wire between 51-12 and J1-8.  
tained at 51 )I: 10-5 m m  Hg (the vacuum chamber pressure  may exceed 
1 x 10-5 mm Hg during periods of changing temperature).  
of the camera  electronic temperature  sensor  r e s i s to r ,  taken an hour apar t ,  
indicate that the camera  temperature has stabilized at  -20"F, a "vidicon 
temperature control On" command shall  be applied to the camera.  
a f te r  the application of the command, apply power to the camera  and perform 
tests  listed in Table 15. 
During this preliminary tes t  the camera  electronics tempera- 
mm 
After two readings of the camera  electronic tempera- 
The chamber pressure  shall be main- 
After t w o  readings 
One hour 
Test  shall be performed a t  nominal line voltages. 
- .  
5.1.2 P repa re  the Survey camera €or test  by performing the 
following: 
5. 1 .2 .  1 Obtain the required supplementary tes t  equip- 
ment as listed in Table 1 for performing the functional tests of paragraph 5 . 0 .  
5. 1 . 2 . 2  Install the survey camera  in the MU-metal shield 
and mount on the tripod with the optical axis (Z axis, Figure 2)  vertical  * l o o .  
P 
-X 
A 
I 
I 
Mir ro r  
I&ft 
2 
J 
--t oo -y 
I ?fir ~ c r  
V Sigh t  
I 
+ X  
Sick 
V i e w  I 
P i p r e  2: Survey CLrner& YCjor  .xes 
5.1.3 Connect 179/18051-2 (composite video 3) from the camera t o  
tne llComposite Videoft input jack on the sync separator panel. 
HUGHES AIRCRAFT COMPANY 
SPACE SYSTEMS DIVISION 
5.1.4 
by performing the  following: 
Provide the necessary input signals t o  the oscilloscope 
T I T L R  
. 
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5.1.4.1 Connect 179/18051-1 (composite video A) from 
Connect a coax cable (RG-58C/U) from the "Output" 
t he  camera t o  the "Input" connector of the video f i l t e r .  
5.1.4.2 
connector of the  video f i l t e r  t o  the "Channel A" ver t ica l  input connector 
of the oscilloscope. 
wuween 
232998 
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5.1.4.3 Connect a coax cable (RG-58C/U) from the "N.M. 
Horizontal Sync" connector of the tes t  position sync separator panel t o  
the "Time Base A Trigger Input" connector of t he  oscilloscope. 
5.1.4.4 Connect a coax cable (RG-58C/U) from the "Vertical 
Sync" connector of the  t e s t  position sync separator t o  the "Time Base B 
Trigger Input" connector of the oscilloscope. 
5.1.4.5 Connect a coax cable (RG=58C/U) from the  "+ gate 
A" terminal of the oscilloscope t o  the "Video" connector of the t e s t  position 
TV monitor input panel. 
5.1.5 Apply power t o  the  video f i l t e r  by set t ing the power 
switch on the sync separator t o  on. 
5.1.6 Make the necessary connections t o  the temperature sensing 
bridge panel for  monitoring the resistance of the  camera temperature sensing 
res i s tors  by performing the following: 
5.1.6.1 Connect a jumper wire between TPJl-31 on the 
t e s t  point panel and the  "Hood 51-31" jack on the bridge panel. 
5.1.6.2 Connect a jumper wire between TPJ1-32 on the t e s t  
point panel and the "Chassis 51-32'' jack on the bridge panel. 
5.1.6.3 Connect a jumper wire between TPJl-35 on the t e s t  
point panel and the "Rtn 51-35'' jack on the  bridge panel. 
5.1.6.4 Connect a jumper w i r e  between the  red +29 v jack 
on the c i r cu i t  breaker panel and the  "+29 VI' jack on the bridge panel. 
5.1.6.5 Connect a jumper w i r e  between the  black +29 v 
jack on the c i r cu i t  breaker panel and the  "Gnd" jack on the bridge panel. 
5.1.7 Connect a jumper cable from Jl and 52 of the  test posit ion 
t e s t  point panel t o  179/18051 and 179/18052, respectively. 
5.1 .8  Tes t  Position T imer  and Counter Recordings 
5.1.8.1 Reset  all the t e s t  position counters and the 
"Multi-step Focus1' and "Auto Iris" t imers  to  zero.  
5.1.8.2 T i m e r  Readings 
5. 1 .8 .2 .  1 Record the t ime in hours indicated 
on the "Camera On" at the s t a r t  of each t e s t  period* -der the appropriate 
section - Initial Functional, 1 st Post-Environmental ,  Thermal-Vacuum, or  
2nd Post-Environmental  - of the lfReadingl1 column. In the same  column - 
but just  above this recording - enter the date in the space provided. 
5.1. 3.2.2 Record the t ime in hours  indicated E 
on the "Camera On" t imer  at the end of each t e s t  period* under the "Reading" 
column of the data sheet. 
5.1.8. 2. 3 Determine the "Camera On" t ime in 
hours by subtracting the reading of 5 .1 .8 .2 .1 f rom the reading of 5.1.8.2.2 
and record  the difference under the "Reading" column of the data sheet. 
5.1.8. 2 . 4  Record the t ime in seconds indicated 1 
on the "Auto I r i s1 !  t imer  at the end of each tes t  period*. 
5. 1.8.2.  5 Record the t ime in seconds indicated 
on the "Multi-focus" t imer  at the end of each t e s t  period*. 
5.1.8.  3 Counter Readings 
5.1.8. 3. 1 Record the total  number of "step 
m i r r o r  azimuth" commands indicated on the t e s t  position counter at the end 
of each t e s t  period". 
5.1.8. 3.2 Record the total number of "mi r ro r  
two-step" commands indicated on the t e s t  position counter a t  the end of each 
t e s t  period*. 
5.1.8. 3. 3 Determine the total number of m i r r o r  
azimuth steps by multiplying the reading of 5. 1 .8 .3 .2  by 2 and adding the 
resul t  to the reading of 5.1.8.3. 1. Record the total result .  
5.1.8. 3.4 Record the total  number of "step 
m i r r o r  elevation" commands indicated on the t e s t  position counter at the 
end of each tes t  period*. 
WRVIEYOR LABORATORY 
HUGHIES AIRCRAFT COWANY 
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5.1.8. 3. 5 Record the total number of "step 
focus" commands indicated on the test position counter at the end of each 
test period*. 
5.1.8. 3.6 Record the total  number of "step 
filter wheel" commands indicated on the test position counter at the end of 
each test period*. 
5.1.8. 3.7 Record the total  number of "step iris" 
commands indicated on the test position counter at the end of each test period)". 
5. 1.8.3.8 Record the total  number of "step focal 
length" commands indicated on the test position counter at the end of each 
tes t  period*. 
5.1.8. 3. 9 Record the total number of "start 
f rame" commands indicated on the test position counter at the end of each 
t e s t period*.. 
5. 1.8.  3. 10 Record the total  number of "power 
on" commands indicated on the tes t  position counter at the end of each test 
period*. 
5 .1 .8 .4  Focus and Iris Total Steps 
5.1.8.4.1 Determine and record the total number 
of focus steps per  t e s t  period* utilizing the data of steps 5. 1 . 8 . 2 .  5 and 
5. 1.8.3. 5. 
multiplying by 4. 00 and add the resul t  to  the recording in  5.1.8.3.5. 
Convert the t ime in seconds of step 5.1.8.2. 5 into s teps  by 
5.1.8.4.2 Determine and record the total number 
of iris s teps  per  test period* utilizing the data of steps 5. 1 .8 .2 .4  and 
5.1.8. 3.7. 
dividing by the average of the readings recorded in  steps 5.12.2.4.6 and 
5. 12.2.4.7 (this calculation cannot be made until step 5.12.2.4.7 has  been 
completed). 
Convert the time in seconds of step 5 .1 .8 .2 .4  into s teps  by 
Add the calculated resu l t  to the recording in step 5. 1. 8. 3.7. 
NOTE: All  timers and counters must  be reset to  ze ro  at the 
start of each test period* with the exception of the 
If  Camera On" t imer .  
*Test period - A test period is  considered to be com- 
pleted whenever there is a change of tes t  personnel, 
the work shift is completed, o r  the camera is removed 
f rom the tes t  position. 
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5.2 Camera Primary Power 
--- 
- __ 
--- 
- -- 
*285 ma 
5.2.1 Objective: The purpose of t h i s  test  is  t o  measure the  
primary power (+22 and +29 vol t s )  required by the  camera i n  the normal and 
0.25 ma 1 270 ma 445 ma 
a 
I - 
0.25 ma 10 ma 130 ma 
*460 ma 10 ma 130 ma 
emergency modes. 
*l .92a 
5.2.2 Test Requirements: With the nominal voltage values l i s t e d  
i n  Table 2, the current drawn from the  +22 and +29 vol t  power input lines, 
179/18051-21 and 179/18051-33, respectively, sha l l  be within the limits l i s t e d  
i n  Table 6 .  
10 ma 
-.- 
Vid. Temp. Control OFF 
. - __ 
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Camera ON - Normal Mod( 
Vid. Temp. Control OFF 
Chassis Heaters OFF 
Camera ON - m e r  Mode 
Vid. Temp, Control OFF 
Chassis Heaters OFF 
Camera OFF 
Vid. Temp. Control ON 
Chassis Heaters OFF 
Camera OFF 
Vid. Temp. Control ON 
Chassis Heaters ON 
- -- 
- -- - _ _  - 
- ~ . . . . . . _ _ _ _ _  
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Table 6 
+22v Input Line Current +29v Input Line Current 
Minimum I Maximum Minimum I Maximum 
0.25 ma 
--- I 
I 450 ma 
--- ---I---- -. 
*I. 18a 130 ma 
A l l  I 
I 
1 A l l  
I 
I 
283712 basid 
283712-1, -2 I 
m e s e  currents a re  for  minimum (Table 2 )  l i n e  voltage only. 
5.2.3 B e - t e s t  Conditions: The following conditions w i l l  exist 
following the test  preparations of 5.1 and pr ior  t o  the t e s t s  of 5.2.4: 
5.2.3.1 Camera Puwer OFF 
P 5.2.3.2 Vidicon temperature control OFF 
c I 
c. 
L -  
5.2.4 Test Procedures 
t l T L 8  
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5.2.4.1 Measure the +22 and +29 input l i ne  voltages and 
currents t o  the camera i n  the power off mode by performing the following: 
5.2.4.1.1 Adjust the voltage between 179/18051-21 
and 179/180Jl-8 for the nominal value of the +22 vol t  l i ne  (Table 2) as measured 
with the t e s t  position d ig i t a l  voltmeter. Record t h i s  value. 
5.2 4.1.2 Ad j u s t  the voltage between 179/18051- 33 
and 179/18051-16 for the nominal value of the +29 volt  l ine  (Table 2 )  as 
measured with the t e s t  position d i g i t a l  voltmeter. Record t h i s  value. 
5.2.4.1.3 Measure and record the current flow 
i n  the camera input l ines  a t  179/180~1-21 and at  179/18051-33. 
5.2.4.2 Measure the +22 and +29 voltages and currents t o  
the camera in  the power on - normal mode condition by performing the following: 
5.2.4.2.1 Apply a "power ON" command t o  t h e  camera. 
5.2.4.2.2 Repeat the voltage adjustments of 5.2.4.1.1 
and 5.2.4.1.2 and record the new voltage values. 
5.2.4.2.3 Repeat the current measurements of 5.2.4.1.: 
and record the values. 
5.2.4.3 Measure the +22 and +29 voltages and currents t o  
the camera i n  the power on - emergency mode condition by performing the following: 
5.2.4.3.1 Apply an "emergency mode ON" command. 
5.2.4.3.2 Repeat the voltage adjustments of 
5.2.4.1.1 and 5.2.4.1.2 and record the new voltage values. 
5.2.4.3.3 Repeat the current measurements of 
5.2.4.1.3 and record the values. 
5.3 Vidicon Temperature Control 
5.3.1 Objective: The purpose of t h i s  t e s t  i s  t o  verify the proper 
operation of the vidicon temperature control and temperature sensing c i rcu i t s .  
5.3.2 Test Requirements 
5.3.2.1 The resistance of the TV (15) camera electronics 
temperature and hood temperature sensing res i s tors  sha l l  be equivalent in 
resis tance to 83  f 1 3 ° F .  
5.3.2.2 
5.3.2.3 
The camera electronics temperature and the vidico8 
faceplate temperature readout voltrges shall be equivalent to room h @ ~  (+25 c ) .  
In i t i a t ion  of vidicon temperature control shall 
r e su l t  i n  an increase i n  the +29 vol t  l i ne  current of either 23 213 ma or 
95 2 35 m a .  
voltage shall not exceed the voltage equivalent of +859 during the three minute 
If the increase rs 95 2 35 ma, the vidicon temperature readout 
period immediately following the i n i t i a t i o n  of vidicon temperature control. -? 
5.3.3 De-test Conditions: The following conditions will e x i s t  
following the test of 5.2 and pr ior  to the tests of 5.3.4: 
5.3.3.1 Camera power on - emergency mode. 
5.3.3.1 Vidicon temperature control of f .  
5.3.3.3 Nominal input l ine  voltages (Table 2). 
5.3.4 Test Procedures : 
5.3.4.1 Apply a "power OFF" command followed a minimum of 
5.3.4.2 Measure the resistance of the temperature sensing 
30 seconds later by a "power ON" caanaand. 
r e s i s to r  by performing the following: 
A 
5.3.4.2.1 Using the test position bridge panel, measure 
the reelstance of the hood temperature sensing r e s i s to r  between 179/,18arl -31 and 
-35. 
temperature equivalent i n  OC. 
5.3.4.2.2 Similarly, measure and record the resistance of 
the TV (13) camera electronics temperature sensing r e s i s to r  between 179/18051-32 
and 35. 
9 and record. 
temperature readout voltages by performing the following: 
5.3.4.3.1 Using the test position d i g i t a l  voltmeter, 
measure the camera electronics temperature readout voltage between 179/18OJ1-22 
and 16. Record this  value and using data of paragraph 1.4.1.2 convert th i s  
voltage t o  9 and record. 
faceplate temperature readout voltage between 179/180J1-18 and 16. 
value and using data of paragraph 1.4.1.1 convert this voltage to 9 and record. 
control c i r c u i t  by performing the following: 
Record this value and using data of paragraph 1.4.5.3 (ohms Vt C) record ls 
Convert t o  9 and record. (% = 9/5 C + 32) 
Using data of paragraph 1.4.1.3 convert t o  OC, record, then convert t o  
5.3.4.3 Measure the camera electronics and vidicon faceplate 
5.3.4.3.2 Similarly, measure and record the vidicon 
Record t h i s  
5.3.4.4 Check fo r  proper operation of the vidicon temperature - 
NOTE: Paragraph 5.3.4.4.1.1, if  applicable, must follow 5.3.4.4.1 
within ten seconds. 
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5.3.4.4.1 Apply a "vidicon temperature control 
5.3.4.4.1.1 If the voltage measured 
i n  5.3.4.3.2 i s  lese than +3.1 volts,  measure and record the increase (over 
the current recorded i n  5.2.4.2.3) i n  the +29 vo l t  input l i n e  at 179/18051-33 
within ten seconds after the "vidicon temperature control ON" command is 
applied. During the next three minutes, monitor the voltage between 179/18051-18 
and 16 with the t e s t  position d i g i t a l  voltmeter and record the maxlinum voltage 
observed during t h a t  period. Using data of 1.4.1.1 convert volts to OF and record. 
If the voltage measured i n  
5.3.k.3.2 i s  equal t o  or greater than +3.1 volts,  measure and record the increase 
(over the current recorded i n  5.2.4.2.3) i n  the +29 volt  l i n e  at 179/18051-33. 
OHt command. 
5.3.4.G.1.2 
T I T L E  
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5.3.b.b.2 Apply a "vidicon temperature control 
" OFF" cor;l?land. 
NUMDCR 
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5.3.4.4.3 Apply +29 volts  t o  Vidicon Survival 
Heater (J2-2[). 
l ine  current : 
Measure and record an increase of 75 t 30 m a  in  t h e  +29 volt  
Caution : Only hold Vidicon Survivai Heater 
Switch depressed long enough t o  take a current 
reading. (Approx. 5 seconds) Do not repeat 
this t e s t  u n t i l  a 5 minLtP period has elapsed 
between the previous t r s t .  
5.4 Coherent Electronic Noise 
5.4.1 Objective: The purpose of this test i s  t o  measure any 
coherent electronic noise present i n  the composite video output. This noise 
T l T L L  
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m a y  be due t o  the switching operation i n  the electronics conversion uni t  
(ECU) . ? 
NUYBmR 
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5.4.2 Test Requirexents: The m a x i m u m  peak-to-peak coherent noise 
sha l l  not exceed 350 mv. 
5.4.3 Pre-test  Conditions: The following conditions w i l l  ex i s t  
following the t e s t s  of 5.3 and pr ior  t o  the t e s t s  of 5.4.4; 
5.4.3.1 Camera power on - normal mode. 
5.4.4 
5.4.3.2 Vidicon temperatwe control off .  
5.4.3.3 T e s t  video gate of f .  
5.4.3.4 Nominal input l i n e  voltage (Table 2) .  
Test Procedures 
5.4.4.1 Obtain on the oscilloscope a display of the 
composite video fo r  a single TV l i n e  by performing the following: 
e 
5.4.4.1.1 Ensure tha t  s t r a y  l i g h t  i s  not reaching 
the vidicon faceplate by e i ther  darkening the test  area o r  by covering the 
camera. 
t o  ON. 
to  NH. 
5.4.4.1.2 Set the test position video gate switch 
5.4.4.1.3 Set the video filter selector  switch 
5.4.4.1.4 A d j u s t  the  oscilloscope controls t o  
obtain a display of one horizontal l i n e  of the composite video output from 
179/1aonVl. 
coherent noise by 
NOTE: 
5.4.4.2 Determine the peak-to-peak amplitude of the 
performing the following: 
The +29 l i n e  voltage shall not exceed the min/max 
l i m i t s  of Table 2 during the adjustment of paragrsFh 
5.4.4.2.1. 
3 
1 
f 
5.4.4.2.2 Obtain three photographs of the 
oscilloscope display. 
photographs. 
of the coherent noise observed i n  each of the  three photographs (Figure 3 ) .  
Calculate the average and record the average value. 
coherent noise with vidicon temperature control on by performing the f o l l d n g :  
Identify the coherent (ECU) noise spikes on the 
5.4.4.2.3 Measure the peak- to-peak amplitude 
5.4.4.3 Determine the peak-to-peak amplitude of the  
. 
5.4.4.3.1 Apply a "vidicon temperature control 
ON" command. 
T I T L E  
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5.4.4.3.2 If required, repeat t he  operation 
of 5.4.4.2.1. 
5.4.4.3.3 Apply a "start frame" command and 
obtain a photograph of the oscilloscope display. 
t o  obtain two additional photographs. 
spikes on the photographs. 
of the coherent noise observed in  each of the three photographs. 
the average and record the average value. 
Repeat t h i s  operation t w i c e  
Identify the coherent (ECU) noise 
5.4.4.3.4 Measure the peak-to-peak amplitude 
Calculate 
NUYm)IR 
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5.4.4.3.5 Apply a "vidicon temperature control 
OFF" command. 
5.5 RMS Noise 
T I T L E  
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5.5.1 Objective: The purpose 0.C this tes t  i s  t o  measure the 
root-mean-square (rms) noise, Q i n  tiie composite video fo r  the  normal a.nd 
emergency modes of operation. 
NUMBER 
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5.5.2 Test Bequirenents 
5.5.2.1 filere is  no i i r e c t  inini'ma;; 1 im5.t f o r  the ms nois:.: 
However, tne  Q value must be measured so the signal-to-noiso (5;a) value, Q . 
r a t io  may be calcmiated a t  a later time. 
5.5.2.2 Tne four-sigma ( 4 ~ )  l eve l  of ms noise i s  definc.1 
as t h e  j ifference 'Jetween the naxhm and minimum voltage leve ls  'GJh.ich arc 
er,ceeded by 10 percent of the peaks of the  picture  portion of the recgrd. 
furtiier discussion or' t h e  metlioa oi calcu-ating ~!~cr~ ' ro i : i  a photograpii of' t x  
composite vicieo i s  found i n  S.S.L.,".S. 
5.5.3 b e - t e s t  Sonditions: Tie following n,ondi.tions 1:iil ex i s t  -- 
followicg tine tests of 5.4 and pr ior  t o  the t e s t s  o f  5.5.4: 
5.5.3.1 Camera power on - normal mode. 
5.5.3.2 Vidicon temperature conzrol ozf. 
5.5.3.3 Test video gate o f f .  
5.5.3.4 Line voltages as set i n  5.4.4.2.1 or  5.4.4.3.2. 
.5.5.3.5 Video f i l t e r  selector switch t o  N.H. 
Test Bocedures - iqormal kh4s 
5.5.L.l Set tile tes t  positLon viieo gate switch t o  uil. 
- - 
..5.~.2 Adjust the  input l i n e  vn?_",ges t o  tifie vj luzs  l i s t e 5  
colmn 02 Table 2. 
- f !  f 3 . 3 0 ~ ~ . 3  Set  the oscilloscope sweep controls f o r  20 ,A.sec/ cm. 
Set tiie time base ii sweep s t a b i l i t y  control -'ully cloch7ise. 
5.5.b.b Adjust t he  oscilloscope t h e  base B tr;-li;ger deLay 
t o  observe t;? f i r s t  200 &see segment of tile pFcture portion OT a TB l i n e  
occurring i n  the center 02 the format  (500 2 100 rnsec following t'ic t r a i l i n g  
edge of the ver t ica l  blanking pulse). Observation oi' t i e  TV rnonltor will. 
assist i n  tiiis adjustmect. 
5.5.4.5 iletemine the value of fr l o r  the TV 1-ine selected 
i n  5.5.b.4 by perZoming the following: 
5.5.4.5.1 Set the t e s t  position video gate switch 
to OFF. 
7 
I 
I -  . -  
e ,  r 
5.5.4.5.2 Apply a "r& frame" command and obtain 
a photograph of the resul t ing oscilloscope display. 
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5.5.4.5.3 Repeat 5.5.4.5.2 f o r  four addi t ional  200 
segments of the same TV l i n e  selected i n  5.5.4.4. Additional. rregmcnte 
selected by changing the se t t ing  of the time base B trigger delay. 
5.5.4.5.4 Measure the 4 r f igure  fo r  the camera from 
the photographs by performing the following: 
5.5.4.5.4.1 Count and record the t o t a l  number of 
m a x i m a  (peak of each posit ive going portion of the noise as illustrated i n  
Figure 3) i n  each of the f ive photographs. 
5.5.4.5.4.2 Calculate and record the average 
number of m a x i m a  per photograph from 5.5.4.5.4.1. 
5.5.4.5.4.3 Multiply the averaged value of . 
5.5.4.5.4.4 D r a w  a l i ne ,  A i n  Figure 3, on each 
5.5.4.5.4.2 by 0.1 and record the value. 
of the five photographs such that the number of maxima recorded i n  
5.5.4.5.4.3 l i e  as far as possible above the l i n e .  
5.5.4.5.4.5 Draw a second l ine ,  B i n  Figure 3, 
on each of the five photographs such that the number of minima (equal t o  
the number of m a x i m a  of 5.5.4.5.4.3) l i e  as far as possible below the l i ne .  
5.5.4.5.4.6 Measure and record the difference 
i n  voltage levels between l ines  A and B f o r  each of the f ive  photographs. 
5.5.4.5.4.7 Calculate and record the average 
of the five va lues  obtained i n  5.5.4.5.4.6. 
the camera. 
This i s  the 4 d figure f o r  
5.5.4.5.4.8 Divide the value of 4 T  obtained i n  
5.5.4.5.4.7 by 4 and record the v a l u e  obtained as 6, 
(5.5.4.6) Repeat the 6 measurements with minimum input 
l i n e  voltage by performing the following ( to  be performed on TAT only): 
Decrease the -1-29 vo l t  input  l i n e  voltage 5.5.4.6.1 
t o  the value l i s t e d  i n  the minimum column of Table 2. 
5.5.4.6.2 Repeat the measurements of 5.5.4.4 and 5.5.4.5. 
(5.5.4.7) Repeat the 6 measurements with m a x i m u m  i npu t  l i n e  
voltage by performing the following ( to  be performed on TAT only): 
5.5.4.7.1 
voltage to the value listed in the "maximum" column of Table 2. 
5.5.4.7.2 
Increare the +29 volt input line 
Repeat the measurements of 5.5.4.4 
m a  5.5.4.5. 
5.5.4.8 Repeat the c measurements with ripple voltage 
on the +25) Volt input line by performing the following (to be performed 
on TAT only): 
5.5.4.8.1 Decrease the 229 volt input line 
voltage to the value listed in the "nominal" column of Table 2. 
5.5.4.8.2 Ineert 100 + 5 my, 5 - + 0.5 Kcps rms 
ripple voltage on the +29 volt input line (179/185Jl-33). 
. 5.5.4.8.3 Repeat the measurements of 5.5.4.4 
through 5.5.4.7. 
5.5.4.8.4 Remove the ripple voltage f r o m  the 
+29 volt input line. 
5.5.4.8.5 
voltage to the value listed in the "nominal" column of Table 2, 
Readjust. the +29 volt input line 
I 
5.5.5 Test Procedures - Emergency Mode 
5.5.5.1 Apply an "emergency mode ON" command. 
5.5.5.2 Set the video filter selector awitch to E]H. 
5.5.5.3 Repeat the rms noise measurement8 of 5.5.4 
by recording five (5) 40 msec segments of a horizontal line occurring 
9.8 + 1.0 seconds following the trailing edge of the vertical blanking 
puis;. 
5.5.5.4 Return the video filter selector switch 
to the "%" position. 
232998 
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5. 6 Output Signals 
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5. 6. 1 F r a m e  ID Signals 
5. 6. 1. 1 Objective: The purpose of this  test is to verify 
the frame ID circuits,  not checked elsewhere in this specification, are operating 
correctly. 
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5. 6. 1. 2 Test  Requirements:  The minimum and maximum limit 
for  the f r ame  ID signals shal l  be as listed in Table 7. 
5. 6. 1. 3 P r e - T e s t  Conditions: The following conditions will 
exist  following the t e s t s  of 5. 5 and pr ior  to the t e s t s  of 5. 6. 1. 4: 
5.6. 1.3. 1 Camera power On - emergency mode. 
5. 6. 1. 3. 2 Vidicon temperature  control Off. 
5. 6. 1. 3.  3 Test video gate Off. 
5. 6. 1. 3. 4 Nominal input line voltages. 
5.6. 1 . 4  Test  Procedures  
5.6.1.4.1 Apply a "power OFF" command. Remove 
the t e s t  plug f rom J 3  on Test  Position. 
and 16 with the t e s t  position digital voltmeter. 
Measure the voltage between 179/180J1-11 
Record the camera  off voltage. 
5. 6. 1. 4. 2 A minimum of 30 seconds a f te r  5. 6. 1. 4. 1, 
apply a "power ON'' command. 
between 179/180J1-11 and 16. 
Measure  and record  the camera  on voltage 
5. 6. 1. 4. 3 Apply an  " i r i s  servo ON" command. 
Measure and record the iris servo on voltage between 179/180J1-10 and 16. 
5. 6. 1. 4. 4 Apply a "step iris CLOSED" command. 
Measure and record  the iris servo off voltage between 179/18051-10 and 16. 
5. 6. 1. 4. 5 Apply a "time exposure mode ON" 
command. 
179/180J1-26 and 16. 
Measure and record  the t ime exposure mode on voltage between 
TABLE 7 
II__ . _ - _ _  
233112-3, -4, -5, -6, -7 
283712 basic,  -1, -2 
284312, -1, -2, -3,-#-S,-4 
4 
. . -_ - --- 
1 Minimum Maximum1 Applicable ’ (vdc) (vdc) ! Camera Assembly No. ! Signal De scription 
-,,- ~ - ” .  -.--- --.-. - - _ _  .l-..-l-lll.. -- _-___ -- - -c . --_. -101-- -- -- “ 5 Z z Y -  -- -- --__ -- 
tCamera O F F  - - -  +o. 1 Al l  
A I1 J c a m e r a  ON I t23 .75  t26. 25 
233112basic,  -1, - 2  - t5 .  50 
283712 ba i ic ,  -1, -2 
233112 basic,  -1, -2 
, -0 .24  t o .  70 233112-3, -4, -5, -6, -7 
r 283712 basic,  -1 ,-2 
i 
e - 2 -  
~ - ._ - - ___ _- - - -- - 
c - - II -d-. I 
- i 
d 
s t 3 . 3 5  t5 .  27 23112-3, -4, -5, -6, -7 (Iris servo  ON 
, 
284312, -1, I- -2, -3, i - 
- _ . -  - -0 .37 -_I_ --- -. - ” -0. 58 
I r i s  se rvo  O F F  
284312, -1, -2, -3,-4,-5,4 -~ --- .i -.- . -- L 
-2 .59 -1. 50 233112 basic,  -1, -2 
t o .  59 
t4 .  36 t5 .  70 233112-4, -6, -7 
-. . - -. , . 
.w- 233112-3, -5  - -  1 
! 
t2 .  10 -_- - Time exposure mode On 
283712 basic ,  - 1 ,  -2 
284312, -1, -2, -3,Y,-5;-6’ 
233112 basic,  - 
+-.- . - - -- , A ._ . 
+ - 1  
i 
.. ----__w-- - I-- t1. 19 t3 .  41 -___ - - . . 
-3 .04 -2.11 233112-3, -5 
-0.93 -0. 13 233112-4, -6, -7 
Time exposure mode O F F  __ . _ _  *I-_. - _  
- .- - -. - 
! t 2 . 9 5  
‘Multi step focus ON t3.  06 
-_I.-- - 
-0.72 
IMulti step focus O F F  -0.57 
I -. . 
t4 .  81 
i t4.  40 
to. 09 
t . -  I 
5. 6. 1. 4. 6 Apply a !‘time exposure mode OFF” 
command. 
179/180J1-26 and 16. 
Measure and record  the t ime exposure mode off voltage between 
NOTE: No longer than five seconds should 
elapse between application of the command 
of paragraph 5. 6. 1. 4. 7 and 5. 6. 1. 4. 8. 
5. 6. 1. 4. 7 Apply a “multiple step focus OUT” 
T l T L I  
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command. 
51-17 and 16. 
command. 
Measure and record the m u l t i  step focus on voltage between 179/180 
Measure and record the mult-lple s tep focus off voltage between 
5.6.1.4.8 Apply a "multiple step focus If 
179/18051-17 a d  16. 
( 5.6.1.4.9) Repeat the frane I D  s ignal  measurements 
TITLE. MUY.ER f 
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with minimum input l i n e  vloitage by perfohning the following ( to  be. performed 
on TAT only): 
5.6.1.4.9.1 Decrease the +29 volt  input l i n e  
5.6.1.4.9.2 Repeat the measurements of 5.6.1.4.1 
voltage t o  the value l is ted i n  the "minimu? column of Table 2. 
through 5.6.1.4.8. 
( 5.6.1.4.10)Repeat the frame I D  signal measurements 
with maximum input l i n e  voltage by performin$ the following ( t o  be performed 
on TAT only): 
5.6.1.4.10.1 Increase the +29 k t  input l i n e  
voltege t o  the value l i s t e d  i n  the " m a x i m u m "  column of Table  2. 
5.6.1.4.10.2 Repeat the measurements of 5.6.1.4.1 
through 'j .6.1.4.8. 
5.6.1.4.10.3 Readjus t  the +29 vol t  i n p u t  l i n e  
voltage t o  the value l i s t e d  i n  the "nominal" column of Table 2. 
5.6.2 Output  Commands 
5.6.2.1 Objective: The purpose of t h i s  test  i s  t o  measure 
the s ignif icant  character is t ics  of the camera output commands. 
5.6.2.2 Test Requirements: The minimum and maximum l i m i t s  
fo r  the output commands shal l  be as listed i n  Table 8. 
5.6.2.3 me-Test Conditions: 
5.6.2.3.1 Canera power on - normal. mode. 
5.6.2.3.2 Vidicon temperature control of f .  
5.6.2.3.3 Test video gate of f .  
5.6.2.3.4 Nominal input l i n e  voltages. 
5.6.2.4 Test Procedures - Normal Mode 
5.6.2.4.1 Determine the amplitude, pulse width, and 
rise time of the transmitter OR pulse by performing the following: 
. , _ _  - . .... ".,...- TABLE 8 I -.... - I - .  ~ ...- 
, 
Signal Pa rame te r  
Amplitude (volts) 
Pulse  Width (msec)  
Rise  Time (usec) 
F r a m e  ID Enable ! 
Amplitude (volts)  t24.  5 t27. 5 '4-24. 5 t27.  5 
Pulse  Width (msec)  : 180 ! 220 i 540 660 
.. ._ - 
i Transmit ter  On 
,-,.-. ___.__ . ,_ -. . . __^_,. . . . . 
Rise Time (usec) - - -  i 10 l--- : 10 i 
_r_,___.___._._l . .  _..-_.".-._-,...,.. 3 . 4 -  .,.._ ,.._.- ...-e. -.- - + -.-. ..- .._ , 
Transmit ter  Off i I ! 
Amplitude (volts)  t23.  0 ! t27.  5 ,i t23. 0 ' t27 .  5 
1. 0 
-1. 60 
100 Pulse  Width (msec) , 15 i 100 15 
! Rise Time (usec)  , - -  1 . 0  : - -  
i Video Gate i 
! 
I Amplitude (volts) 1 t 2 4 . 5  t28. 3 i t 2 4 .  5 ; t28 .  3 
t 
~ ...--.._ 
.--- t- 
t 
1 1.08 I 1 .32  ! 18.6  i 22.6 
i 
i 
No Video voltage level ! -3. 40 -1. 60 $ -3. 40 
Pulse  Width (sec.  ) 
r i . . - _ _  .- . - . +. ..... . ... : .... - . -. 
i 
._____ ~ -.... __I,_____c ~ - - .  .. -_ , . .. ._.. .. .. ,. . i  - . - - -  . ..-- +..,.., ... -- .... ..- .- . . --- .I -.*-. - 
NOTE 1: 
NOTE 2: 
NOTE 3: 
All  amplitude measurements  a re  referenced to 
2 9  volt re turn (179118OJl-16). 
Pulse  width measurements  are  made between the 
50 percent amplitude levels except the t ransmit ter  
off pulse width which i s  measured  at the ten volt 
levels. 
Al l  pulse rise times a re  measured  between the 10 
and 90 percent  amplitude levels. 
5. 6. 2. 4. 1. 1 Connect an  oscilloscope probe - -  
to  the "Channel B Vert ical  Input" connector of the oscilloscope. 
def le c ti on c ir cui t s. 
5. 6. 2. 4. 1. 2 Calibrate the oscilloscope ver t ical  
5. 6. 2. 4. 1. 3 Monitor the signal at 179/18051-34 
on the oscilloscope. 
P 
I 
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5.6.2.4.1.4 While applying "start f'rame" 
commands, sync the oscilloscope so as to clearly observe the transmitter ON 
pulse. 
5.6.2.4.1.5 Apply a "start frame" command and 
obtain a photograph of the resulting oscilloscope display. 
5.6.2.4.1.6 
5.6.2.4.1.7 
Measure and record the transmitter 
ON amplitude and pulse width. 
as to clearly observe the rise time of the transmitter ON pulse. 
Readjust the oscilloscope sweep so 
TITLW 
Flight Acceptance and Type Approval Test Specification 
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5.6.2.4.1.8 Apply a "start frame" command and 
obtain a photograph of the resulting oscilloscope display. 
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5.6.2.4.1.9 Measure and record the transmitter 
ON pulse rise time. 
5.6.2.4.2 Determine the amplitude, pulse width, and 
rise time df the frame ID enable pulse by performing the following: 
5.6.2.4.2.1 Monitor the signal at 179/18051- 19 
on the oscilloscope. 
5.6.2.4.2.2 Repeat the measurements of 5.6.2.4.1.4 
through 5.6.2.4.1.9 for the frame ID enable pulse. 
5.6.2.4.3 Determine the amplitude, pulse width, 
and rise time of the transmitter OFF pulse by performing the following: 
5.6.2.4.3.1 Monitor the signal at 179/18051-36 
on the oscilloscope. 
5.6.2.4.3.2 Repeat the measurements of 5.6.2.4.1.4 
through 5.6.2.4.1.9 for the transmitter OFF pulse. 
5.6.2.4.4 Determine the amplitude and pulse width 
of the video gate and the "no video" voltage level of the video gate line 
by performing the following: (this test not to be performed on 233112-4 camera) 
5.6.2.4.4.1 Using the test position digital 
voltmeter measure and record the "no video" voltage at 179/180J1-30. 
5.6.2.4.4.2 Monitor the signal at 179/18051-30 
with an oscilloscope. 
5.6.2.4.4.3 Repeat the measurements of 5.'6.2.4.1.4 
through 5.6.2.4.1.6 for the video gate pulse. 
(5.6.2.4.5 ) Repeat the output cormnand measurements 
with minimum input l i n e  voltage by performing the followicg ( t o  be performed 
on TAT on>;.): 
- 
5.6.2.4.5.1 Decrease the +29 volt input l i ne  
voltage t o  the value l i s ted  in  the ”minimum” column of Table 2 .  T 
5.6.2.4.5.2 Repeat the measurements of r . (z .2 .h . l  
throurh 5.6.2.4.4. 
( 5.6.2.4.6) ReDeat the  output command measuremects 
with m a x i m i u n  input 1ir.e voltage by performicg the  following ( * -o  be performcf! 
on TAT an1 ) :  -
5.6.2.4.6.1 Increase the Pt-29 volt  i nmi  Line 
vol:a;:e t, the value l_ir,ted i n  the “maximx.n” column of  Tahle 2 .  f3 
5.6.2.4.6.; Repeat the measurements of .r. ’ . L .  i 
,-, throuck 5.r .. .4.-. 
5.6.2.4.6.3 -5eadjust the t-29 vol t  inpi i t  1ir:e 
voltace to the value l i s ted  in  the “nominal“ column 01’ Table 2. 
5.f.2.5 T e s t  Procedure - Tmergenc;; Mode 
5.6.2.5.1 
5.6.2.5.2 Repeat the  output command 
5.6.2.5.3 Replace test plug in 5 3  of Tes t  Position. 
A2pl:- an  "emergent:? mode OT‘T” rornmsu?d. 
measurement  of 5. 6. 2.4, 
5.6.3 Composite Video 
5.6.3.1 Objective: The purpose of‘ k i s  t e s t  i s  
f.0 mecs1.u-e t h e  significant character is t ics  of t h e  compositc video outpii t  
signal. 
5.6.3.2 Test Requirements: The minimum and naximum 
l i m i t s  fo r  the camposite video signal shall be as lister? i n  TaSle 51. The 
conposite video s icnal  i s  i l l u s t r a t ed  i n  F i p r e  4. 
HUGHIS A l R C R A f T  COMPANY w 
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TABLE 9 
,- - -_ 
Horizontal Sync Amplitude (volts)  0.9 1.10 0.90 
1 Horizontal Sweep Period (mpec) 
. __ - 
I Horizontal Blanking Pulse Width 
- _ _  - _ _  
Horizontal Sync Pulse Width 
Horizontal Sync Rise Time (usec) 
Horizontal Sync Fa l l  Time (usec) 
- .  
_ .  
Vertical Sweep Period (sed 
- .  __ -. 
Vertical Blank Pulse.Width (msec) 1 180 
usec msec 
146 7.2 
usec i msec 
I- _ _  i! - 
! 
-_ __ 
2.5 
I 
Active TV Lines I 570 ~ 630 /i 190 
All 
_. . __ __ . 
17.6 
mec 
8.8 
msec 
2.0 
-. 
25 
22.6 
660 
- _- 
210 
._ 1 L  . -  
All 
A l l  
. .  
All 
. .__ 
All 
All 
. -. _. 
All 
NOTE 1: Reference voltage level  for  a l l  voltage 
measurements i s  as i l lus t ra ted  i n  Figure 4. 
NOTE 2: Pulse r i s e  or fa l l  time i s  the minimum t i m e  
required for the volhge  t o  change by 80 
percent of the total. pulse amplitude. 
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Vertical  Sweep ___.. '\ 
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NUMBER 
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(a) Horizontal Sync Level (d )  White Level Clamp 
(b)  Horizontal Sync Ampl. (e) Horizontal Blank Pulse GJidth 
( c )  Video Level Clamp , ( f )  Horizontal Sync Pulse Nidth 
Figure 4: ' Composite Video Output 
5.6.3.3 Re-test Conditions : The following conditions 
will exist following the tests of 5.6.2 and prior to the tests of 5.6.3.4. 
' T l T L I  
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. and Test Procedure for Surveror Television Survey Camera 
5.6.3.3.1 
5.6.3.3.2 
5.6.3.3.3 Test video gate off. 
Camera power on - emergency mode. 
Vidicon temperature control off . 
wunoen 
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5.6.3.3.4 Nominal input line voltages. 
Test Procedure - Normal Mode 
5.6.3.4.1 Set the test position video gate switch to 01 
5.6.3.4.2 Disconnect 179/180Jl from the "Input" 
Connect the two coaxial cables 
5.6.3.4 
connector and the "Channel A" vertical input connector of the oscilloscope from 
the "Output" connector of the video filter. 
together through an appropriate connector. 
5.6.3.4.3 
5.6.3.4.4 
Apply "step mirror UP" commands until the 
mirror elevation position is as illustrated in Figure 2. 
Obtain a display on the oscilloscope of 
the composite video output by performing the following: 
5.6.3.4.4.1 Ensure the vertical deflection of 
the oscilloscope is properly calibrated for measuring dc voltages. 
5.6.3.4.4.2 
obtain a display of the composite video output signal clearly showing the 
horizontal sweep period and blanking pulse. 
Ad just the oscilloscope controls to 
5.6.3.4.4.3 Set the oscilloscope horizontal 
5.6.3.4.4.4 
sweep time for 0.2 msec/cm. 
Connect a coax cable from the 
"horizontal blank" connector on the TV monitor input panel to the input 
connector of the frequency counter. 
voltage levels of the several component parts of the composite video signal 
at each video output by performing the following: 
5.6.3.4.5 Determine the voltage amplitude and dc 
5.6.3.4.5.1 Appl~ a "power OFF" command. 
NOTE: The measurement of 5.6.3.4.5.3 must be 
accomplished within ten seconds following 
application of the "power ON" command of 
5.6.3.4.5.2. 
SURVEYOR LABORATORY 
HUbH(l8 AIRCRAFT COMPANY 
8PACB SY STIYS DIVISIOM - 
5.6.3.4.5.2 A minimum of one minute following 
application of the "power OFF" command of 5. 6. 3.4. 5. 1, apply a Itpower 
ON" command. 
5.6.3.4.5.3 Measure and record the video level  ? 
clamp as measured wi th  respect to the blanking pedesta; ieveL ( see  Fi:juL*e ' ) .  
The noise shown i n  Figure 4 w i l l  not be present i n  the ~*l.qms*t,r? *:L.ieo s:;!.al 
for at least the f irst  t e n  seconds following appl ica t - ix  :-,' LPL "powe.~' OF!'
:or~imand. 
5.6.3.4.5.6 Obtain a photograph of the 
oscilloscope display of the composite video. 
5.6.3.4.5.7 Interchange the two composite 
video output (A and B) coax cables, 179/180J1-1 and 179/180J1-2,  
respectively, and repea t  the measurements  of 5 ,  6. 3. 4. 5. 1 through 
5. 6. 3.4. 5, 6. 
5.6.3.4.6 Determine the horizontal sweep period, 
horizontal sync and blanking pulse widths, and sync pulse rise t ime a t  
each video output by performing the following: 
5.6.3.4.6.1 Using the frequency counter of 
5. 6. 3.4. 4. 4, measure  and record the horizontal sweep period ( see  
Figure 4). 
SURVEYOR L A B O R A T O R Y  
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5.6.3.4.6.2 Using the oscilloscope, measure 
and record the horizontal blanking pulse width. 
5.6.3.4.6.3 Using the oscilloscope, measure 
and record the horizontal sync pulse width. 
of' the composite video signal occurring between the blanking pedestal and 
the horizof;aL sync level as i l lustrated i n  Figure 4. 
The sync pulse i s  that portion 
5.6.3.4.6';4 Measure and record the sync pulse '  
rise time. The rise time i s  as defined i n  Note 2 t o  Table 9. 
5.6.3.4.6.5 Interchange the two composite 
video output coax cables, 179/18051-1 and 179/18051-2, and repeat the 
measurements of 5.6.3.4.6.1 through 5.6.3.4.6.4. 
5.6.3.4.7 Determine the ver t ica l  sweep period, 
the v e r t i c d  blanking pulse width, and the horizontal sync pulse fa l l  time 
at video output A by performing the following: 
5.6.3.4.7.1 Reverse the two coax cables 
connected t o  the time base A and t i m e  base B t r igger  input connectors of the 
oscilloscope. 
5.6.3.4.7.2 Remove the coax cable, connected 
between the frequency counter and the TV monitor input panel, from the 
"horizontal blank" connector and reconnect t o  the TV monitor input panel 
"ver t ica l  blank" connector. 
5.6.3.4.7.3 Using the frequency counter, 
5.6.3.4.7.4 Measure and record the ver t ica l  
measure and record the ver t ica l  sweep period. 
blanking pulse width. 
5.6.3.4.7.5 Adjust  and sync the oscilloscope 
so as t o  c l e s r ly  display the horizontal sync pulse f a l l  time. 
5.6.3.4.7.6 Measure and record the sync 
pulse f a l l  time. 
5.6.3.4.7.7 Remove the coax cable from the 
time base A trigger input connector of the oscilloscope. 
coax cable from the "ver t ica l  blank" connector of the sync separator panel 
t o  the time base B t r igger  input and the coax cable from the "R.M. Horizontal 
Blank" connector t o  the time base A trigger input. 
Reconnect the 
( 5.6.3.4.8) Repeat the composite video measurements 
on video output A at minimum input l i n e  voltage by performing the following 
( t o  be performed on TAT only) : 
T I T L E  
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5.6.3.4.8.1 Decrease the +23 volt  input 
l i n e  -;o~tage between 179/18051-33 and 1'79/180J1.-16 t o  the value l i s t e d  i n  
the "minimum" column of Table 2. 
> .6.3.4.8.2 
5.6.3.4.4 through 3 .  ,.3.4.7.? fo r  composite video A outrut,  1.(9/18GJ1-1 
only. 
Bepeat the measureixmt s of 
( 5.6.3.4.9) Repeat tile composite video measu-e- 
ments on video ouzput A at  m a x i m u m  input l i n e  voltage by ?erforming tiie 
following ( t o  be Derforrned on TAT only):  
5.6.3.4.9.1 Increase the +29 vol t  l n p t  
L i m e  voltqye between 179/18051-33 and l'79/l8OJl-l6 to  the value 1ls.t.eci In 
t k  ii:aximum" column of Table 2. 11 
5.6.3.4.9.2 Hepeat the measurements of 
j.u.3.4.4 tiirougi; y.G.3.4. i'. 7 fo r  composite video A ouqtl t ,  i i '9 /18UJl . -L  
only. 
3.6.3.4.9.3 
-Joltage between 1.1 ( ) / l t ~ O ~ T l - ~ 3  ana 179/160Ji-lu t o  the value listeG i n  tne 
"nominal" colunn of Table 3.. 
k c j u s t  the + T , . d  vol: input l i ne  
5.6.3.4.10 
cnm' 
CompuLe and record the  r.umbe:- of 
n o m a l  note a c t i v e  TV i i n e s ,  N as follows: 
- pvs - pvb 
Ncnm phs 
a 
where 14 i s  the nuzber of normal mode act;ve "V l i nes  cnm 
pVs 
P\;o is the ve r t i ca l  blanking pulse width of 
?ns 
i s  tne ve r t i ca l  sweep period. of j.0.3.&.;.3 
converted t o  msec 
5.6.3.4. Ti' 4 
is  the horizontal sweep period of 5.6.3.4.5.:; 
) .: -3 .5  Test Procedure - Enersenc;. Moie 
5.6.3.5.1 
5.6.3.5.2 
ippljr an " emtrgency mode ON1 command. 
ObtaLn a i i sp i ay  on the  ~s~ ' i :~Lc, . i -ol ;c  of 
tna :w?os j  t e  v :  ilea output by perforoing tile following: 
T I T L E  
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R E  V I S I O N  MODEL 
5.6.3.5.2.1 Ensure the ve r t i ca l  deflection of the 
oscilloscope i 8  properly calibrated for  measuring dc voltages. 
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5.6.3.5.2.2 Remove the coax cable from the "N. M. 
Horizontal Blank" connector of the sync separator panel and reconnect t o  the  
"E.M. Horizontal Blank" connector. 
232998 
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5.6.3.5.2.3 Adjust  the oscilloscope controls 
t o  obtain a display of the composite video output signel c lear ly  showing the 
horizontal sweep period and blanking pulse. 
5.6.3.5.3 Determine the video leve l  clamp by 
performing the following: 
5.6.3.5.3.1 Apply a "power O W  command. 
NOTE: The measurement of 5.6.3.5.3.3 must 
be accomplished within ten seconds 
following application of the "pGWer OrJ" 
command of 5.6.3.5.3.2. 
5 -6.3.5.3.2 A .minimum of one minute following 
application of the "power O W  command of 5.6.3.5.3.1, apply a "power ON" 
command followed within f ive  seconds by an "emergency mode Om" command. 
5.6.3.5.3.3 Measure and record the video leve l  
clamp as measured w i t h  respect t o  the  blanking pedestal level  (see Figure 4 ) .  
The noise shown i n  Figure 4 w i l l  not be present i n  the composite video signal 
f o r  at l ea s t  the first ten seconds following application of the "power OR" 
command. 
5.6.3.5.4 Determine the voltage amplitude, dc 
voltage levels,  sweep periods, pulse widths, and sync pulse r i s e  t i m e  of 
the remaining component par t s  of the  composite video signal. by performing 
the following : 
5.6.3.5.4.1 Repeat the measurements of 
5.6.3.4.5.4 through 5.6.3.4.7.6. 
5.6.3.5.4.2 Remove the coax cable from the 
time base A t r igger  input connector of the oscilloscope. Reconnect the  
coax cable from the "ver t ica l  blank" connector of the sync separator panel 
t o  the time base B trigger input and the coax from the "E.M. Horizontal. 
Blank" connector t o  the time base A trigger input. 
(5.6.3 . 5.5 ) Repeat the composite video measure- 
ments for video output A at minimum input l i n e  voltage by performing the 
following ( to  be performed on T U  only) : 
5.6.3.5.5.1 Decrease the +29 vol t  input 
l i n e  voltage between 179/180~1-33 and 1 7 9 / 1 8 0 ~ ~ 1 6  t o the value listed i n  
T I T L E  I NUMBER 1 
1;. I t  minimud' colunn of Table 2. 
5.6.3.5.5.2 Repeat the measurements of 
5.6.3.5.2.3 throug'.: 5.6.3.5.4.2 fo r  composi-ce video A output only. 
(5.6.3.:,.6) Repeat the c o ~ p o s i t e  video measure- 
xents fo:* video output A at :nasAmum input l i n e  voltage by performing the  
follouing ( t o  be perforyea on TAT only): 
5.6.3.5.6.1 Increase the +%(? v o l t  : n p u t  
l i n e  vo l twe  between l:<J/lkOJl.-33 and l'(3/ldOJi-l6 t o  tne value l isted 
i n  the "maximum" co1u::in of Table 2. 
5.6.3.5.6.2 Repeat t h e  measurements of 
. r  . -  
:J.o. 3. L .  3.3 throu:::. :..r:. 3.5.4.2 fo;- composite visieo k mtpu t  only.  
5.6.3.>.~.3 Ac!.iust the  + Z j  volt  :nput 
l i n e  vo.. &qe between 1'(9/180Ji-33 anci i , '9 /d  tiJI-1:; to the value l isted 
i n  the "nominal" co lwn of Table 2. 
.;.U.3.5.'( Conpute and :*ecor? the number o f  
emergency mode active TV l ines ,  Ncern, as follows: 
where Meem i s  tne number of emergency aode act ive TV l i nes  
PVS is  the emergency mode ver t ica l  sweep period 
converted t o  msec 
P1.b is the  emergency mode ver t ica l  blanking pulse 
width 
phs is the  emergency mode horizontal sweep period 
E 
5.6.3.5.8 Reconnect 179/lbOJl t o  the "Input" 
a d  "Channel A" ver t ica l  input connector of t h e  oscilloscope t o  the "Output" 
of t h e  video f i l t e r .  
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